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. ah roved fate; for which it Is ; 


debe principally” to the pbi- 1 
lofop pbers of the laſt century, 
ö who Habe done more towards 


it, chan bad been F attempted for 
Wed ages before.” The ancients, 


'I 
ſatisfied with the alls Which na- 
: ture ſpontaneouſly offered, went 
no farther than to a bare natural 
hiſtory, - unacquainted As they 
Ver. I. | a were 


peri- 5 


ADVE RTISEMEN 8 


re Wilh che manner of combi- 
ning g natural bodies; ſo, as from 
combination to produce new 
ner d of putting 
them in ſuch circumſtances as ta 
=. forcethem to reveal their ſecrets, + 
Gar 1 having, obſerved, 
hat Deſcartes raiſed this ſpirit 
de enquiry: nd diffuſod an 
common degree of e mulation all 
over Europe, .Þ 3 con- | 
ſider matter, 
1: ſtratum of ba ies | 
qualities ; ſuch as. folidiry, by 
75 which one e body cannot at he : 
we rims. 2 the room of 
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vi. jnertio_or. [power of. refit 
ance, called alſo impenetra; 
ge and by which we digin- 


gat matter from a., 
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_ ſnoving force in bodies is equally 
with. their inactivuy a paſſive 
cChiality, and a con ſeqdense of 
their reſiſfance, an therefore 
tho ſamo thihg with it, only 
eucmſidered in a different view. 
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cies i whach wre. magnctiſin 


r Which obſcrvable, 


ſeerts to be owing; to à fecipto- 
cation of the motion of: the eauſe 
of borhsthel -Phznoria.. To 
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N order to explain all the appearances 

1 of Nature, the ancients uſually con- 
ſidered man as a Being newly introduced 
into the world, ignorant of all he ſaw, > 
and aſtoniſhed with every object around 
him. In this great variety, the firſt 
efforts of ſuch a Being would be to pro- 
cure ſubſiſtance, and, careleſs of t 


cauſes of things, to reſt contented w with 


a. A. 


4 
- 
el enjoyment. Re. 
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u br 
TRE next endeavour of ſuch a ereã⸗ 
ture would be to know by what means 


he became bleſt with ſuch a luxuriance of . 


poſſeſſion. He feels the grateful viciſſi- 
tudes of day and night, perceives the dif- 
ference of ſeaſons ; he finds ſome things 
noxious to his health, and others grateful 


to his appetite; . he would therefore ? 
eagerly deſire to be informed how theſe 


things aſſumed ſuch qualities, and would 


himſelf, from want of experience, form 


ſome wild conjecture concerning them. 
He would, for inſtance, aſſert, as the 


ꝓptimæval ancients have done, that the 


ſun was made of red-hot iron, that at 
night it ſunk into the ſea to reſt from 


its journey, that ſummer iſſued through 


a chaſm made in the ſkies for that pur- 
poſe; and in this manner he would 
account for every other Appearance that 
excited his curioſity. 


| SSbdcnb 5d | obſervations would, 
however, ſoon contradict his firſt pre- 


judices, and he would begin to treaſure 
1 an hiſtory of _ changes, that every 
| object 


— 


EF: 


e Phil 55 phy. 3 
eben ſerved to work either upon Him- 
Telf or upon each other! Tlius his mind 
would become ſtored with the appear- 
unces of natural bodies, and with uſeful 
_ vbſervations upon their effects. The 

number af theſe obſetrvations would in 
time ariſe to a conſiderable amount, and 
this would once more induce” him to 
reduce them into form; and, by com- 
bining them,; to arrive at their cauſes, 
From hence new ſyſtems would be erected, 

more plauſible indeed than thoſe already 
made by favage man, but ſtill, from a 
want of à ſufficient number of materials, 
extremely defective: ſo that fancy would 
be obliged to Tupply the 1 ee 
of” the e fabrle.. 


cog ie" | ales Frequertly experi- 
encing the futility of ſyſtem, man would 
be obliged to acknowledge his ignorance 
of the cauſes of moſt appearances, and 
now, grown more modeſt, would ſet 


himſelf down, not only to collect new 


oblervations, in order to enlarge his 


kiſtory of Nature, but in à manner to 
es | B torture 


7 . SPR vE x, 7 L | 
torture Nature by Experiments, and oblige 
her to give up thoſe ſecrets, which the 


had hitherto kept concealed. Several of 4 
hefe . newly-acquired obſervations being 


thus added 49 the formgr obvious-ama 
would at length a the Srqund-work 
gf a k. and. daring each 


part, ——— 2 man w ould : 
At laſt begin. to diſcover the implicity o ; 
- Naur yoder: 1 keeping SAFIEFri 


Sven is the progreſs of. oxtural phi 
pi in the human mind, which, 
_ - from. enjoyment, proceeds to conjefure; 
from thence to obſervation N JaGs, 
Which from their paucity give birth o 
pot hetical Tyſtem, which is ſucceeded 
by experimental inveſtigation, and this 


at length — riſe to. the true Euperi- 


non Hor m 20 3 


ExrEBIAN NAA pbilolapher there: 
fore, or thoſe who, endeavour. to diſegver 


| the hidden operations of Nature, and =» 
: 1 yew Tease by. trials made 
ene: ef upon 


Experimental Philoſophy, F 
pon her, are the only ſect, from whom! | 
any expectations are to be bad of 

aqdvancing this ſcienee, and making us 

5 fitimately z6quaifired' with Whatever we 

fee. We ſhould leave to the Platofliſts 

their? Properties of number and geome- 
tric] figures; to the Peripatetics their 
privations, elementary virtues, otruſt 
qualities, fympathies, Ahtipd fie, and 
faculties'; to the Mcchanifts their mat- 
ter, motion, fubtile particles, and aQions 
of effluvia, and only oa where E 
rience e n Suide as. 041 


a 7 * 
2 0 * > 


9 A ancients War to Have Pen but 
little acquainted with the arts of making 
experiments for the inveſtigation of na- 
tural knowledge. It is true, they trea- 
ſured up numberleſs obſervations, which 
Nature offered to their view, or which 
chance might have given them an op- 
portunity of ſeeing; but they ſeldom 


went further than barely the natural 


hiſtory of i every objeck: they ſeldom la- 
boured;- by variouſly combining natural 
bodies, if k may ſo expreſs it, to cute 
b B 3 new 


0 ate $1 URVE.Y: wh 
new appearances, . in order to afford 
matter for Wer len. e with 


17 were Unt little n in 
thus diving into the ſecret - receſſes of 
| N ature : they. read the book as it lay 
before them; : but then they. read with 
great aſſiduity. Many facts, which 
they have advanced, and which had at 
firſt. been denied by the moderns, have 
been afterwards found to be true. They 
only ſought, for ſuch qualities in Nature 
as might be uſeful to the arts, Little 
concerned as to ſatisfying mere curioſity, 
they conſidered it as an intellectual plea- 
ſure, and only ſought to gratify it by 
mere intellectual ſpeculations, | 


Bur 1 i they might 
have given to real philoſophy, the obſcure 
ages, which ſucceeded theirs, ſeemed Tj 
not diſpoſed to avail themſelves of their 
reſearches. In theſe times of darkneſs, 
they reſted perfectly ſatisfied with words 
inſtead of things, adopted. the vain ſpe⸗ $ 
ealations of antiquity, and added. | many ; 
more 


— Philo y. * 


more of. their own. Let, in the midſt 
of this barbarous period, there aroſe a 
man, Who ſeemed formed to enlighten 
his cotemporaries, if the darkneſs. s. had 
not been too great for any ſingle lumi- 
nary to dill pel. Roger Bacon, an Engliſh- 
"man and a monk of the twelfth century, 
purſued the true method of inveſtigating 
Nature: he even ventured to ridicule the 
unmeaning Philoſophy of Ariſtotle, or 
rather of his commentators ; made ſeveral 
Experiments in optics, .chemiſtry, and 
every part of natural knowledge, and, 
even at that early period, found out the 
uſe of gun- powder. The only recom- 
pence he had from his ignorant cotem- 
Poraries was to be accuſed of magic, and 
to have his works deſpiſed by ſuch as 
never read them, or were incapable of 
Fomprehending them if they, ind. 


Tas remarkable men, * Pali 
Bacon in the purſuit of natural know- 
ledge, ſtudied. it rather as chemiſts than 
philoſophers : they applied : themſelves 
We "_ analyſation | of particular bodies 
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j 
_ 
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rather” than to confider Nature with à 


- Glen of modern philoſopliy is founded. 
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oa Sbxvny of 
57 fire; and to their ufes in medicine, 


ral view, to the diſcovery of the 
laws of her operations. Though theß 
were rich in a variety of curious and 
uſeful diſcoveries, yet they knew no- 
ung, for inſtance, © of the laws of 
| , or the properties of fluid, 
uo a knowledge of which the whole 


82 


43 4 4 


oy Tur gr m to em expel. 
mental Philoſophy next owed its obli- 


gations, was of the ſame name and the * 


fame country with the former. Francis 
Bacun, lord Verulam firlt diſcovered: the 
general principles, Which were to ſerve : 
as guides! in the ſtudy of Nature. He 
t "propoſed the uſefulneſs of experi- 
ments alone, and Hinted' at ſeveral, 


_ which others afterwards made with ſuc- 
bels. He ſet out with taking a general 


ſurvey ef natura knowledge, divided it 
into its” parts, "enquired" into the degree 
of perfection at that time attained by 


5 ack. He's conſidered — as only 


* . an 


an inſtrument, which made” oY er 
or happier, and an enemy to all ſyſtems, 
exhorted men to ſtudy only what was. 
uſeful. This great man having thus 


broke through many of the chains, in 
which true ſcience was bound, was fil 
deterred from attempting others, white 
, 2 8 a COS genes WEE 


IE this Retro & Eaptetiilomt Phi" 
laGpby, Der Carter muſt not be paſſed! 
over, although mentioned rather for his! 
fame than his ſervices. He contributed! 
not à little to explode the errors of 
ſcholaſtie philoſophy; but, unfortunately, 
it was to ſubſtitute his'own;'; Though 
he was very capable of reaſoning cloſelyy 
yet, to accommodate his philoſophy” to 
the multitude, he drew up rather a ro- 
mance than a ſyſtem. Like all works 
that ſtrike the imagination, it pleaſe$ 
while new; but, wanting the baſis of 
reaſon, the whole fabric has long ſince 
fallen to the ground. As his hypotheſis, 


however, has been once embraced by the 
N * and ſtill conan 


7 tinues 


w - AMS vn vA of 


tinues to have its, partiſans, it may net 
be amiſs to wala the-learrier.a op 
idea oft cb} neon. 850 


„ o + 
* 1 2 424 1 
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m 12 7. 48 5 0 hands ee 
e moſt obvious appearances in Nature 
arei thoſe which are leaſſ underflood. 
Why, for inſtance; a ſtone, when thrown: 
upward, ſhould fall to the ground back 
again, and not continue to go up to the 
Kies, is one of thoſe difficulties, which, 
though diſregarded by the vulgar, has 
puazled the philoſophers of every age. 
Jo expreſs it more philoſophically, the 
deſeent of bodies ta the ſurface of the 
earth is à phænomenon long ſought after 
without ſucceſs, and for the cauſe of 
which Des Cartes thus attem pted to 
account. We are certain from aſtrono- 
mical obſervations, ſays he, that the 
darth turns continually, round upon itſelf, 
like a top, with a very rapid motion, 
darrying with it every thing immedi- 
ately attached to its ſurface. But, tho“ 
the earth. thus moves with great ſwift⸗ 
neſs, yet chere is diffuſed around ite 
28111117 . 7 very 
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Experimental Pbilgſopby. FF 
very fubtle matter, which, as it has leſs: 
weight, than the earth, has therefore 
much greater velgeity. the lighteſt bodies 
being the moſt. eaſily moved: ſo that this 
ſubtil matter Whirls round the earth in- 
| finitely faſter than the earth itſelf can 
mqye. If therefore a ſtone is thrown 
from the earth's ſurface upward into 
this ſubtle matter, it muſt ſoon be ved 
downward by it 40 the earth again, in 
9 che ſame manner as if a perſon, in the 
midſt f a whiglpool, ſhould: throw a 
plank from him into the ſurrounding 
current, this plank LE "4 ſoon 
driven back to him in the center again 
by the circulating fluid, and he could 
never by ſuch means get free. In this 
way every one of the planets may be 
conſidered with its yortex or whirlpool 
of ſubtil matter turning round it, and 
preſſing all the bodies that are thrown 
upward back upon its ſurface. Beſides 
theſe particular vortexes in which each 
moved, they were repreſented as having 
altogether one common vortex, which 
. their motions, and in this 
Pack manner 
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Wanger all their revolutions" wert 8 tlie 
grob ubrohmted for: An KHypdtfiefis 


s Hbmed by the faney was Häble to 
4 Hound ohjecr:ons; which were drrwn 
fim experience,” nnn tte 

8 followers of Des Curies endead. 


anſwer; till ar length che hel ple J 


fophichh: machine was * ford 46! nſück 
dopged, chat it beanie utterly difre- 
gardoc by its warmeſt aſſeiterd⸗ / they 
therefororquined 4: fore; -which-they = 


Wund dul b. e every ain 

ge Gitti Cert mtg} Aub 
nodt- ad Dh, mange en 

Bur, eee all 1350 errors, 


de diffuſed a paſſion for natural knows 
| ledges: and excited à ſpirit of 'enquiry; 
which inſeaſibly prend itſelf over Europe. 

The aendemy of Cinento at Florence, 


Boyle," Muriutre, Torricelll;” Hilygens, and 
Paci, Al-imptoved/philofoph y by pro- 
dueing new objects of ſpeculation. The 


oeteties f Londbn aid Paris ſtill farther 


enlürgeck the land- marks of the ſcience, 


and adopted the experimetital* methods 


of ehen Nature. Thougk 2 


7 


Buperimental Phiooply 486 
had not et arrived at the true. 70 5 55 
Nature, yet they might Jjuſtly e * 5 


141 


be 9 1 the t 31 orm =y | 52101 Fe) 
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Ar lepgth Newton appeared, _ 
firſt effect wh what his predeceſſors. had 
hitherto only- aimed at; namely, the 
application of geometry to Nature, and, - 
by uniting experiments with mathema- 
tical calculations, diſcovered new laws 
| of Natpre, in a manner at once preciſe, | 
profound, and amazing. Whatever all 
his predeceſſors, rom time immemorial, 
had | hanged « down c concerning this ſcience, 
5} does not amount to "the tenth Part of 
the diſcoveries 8. 5 the Engl ih Philoſo- 
4 pher only. Equally conſpicuous; for his 
reſearches in optics, as for his ſyſtem of 
the world, be had t the pleaſure « of. ſeeing 
his countrymen at once ſeize the truths 
he revealed to mankind. F "range, for 
ſome Jears, rather through national 
rejudice than philoſophical, conyiQtion, | 
oppoſed his fame, and 1 in their academics 
and univerſities. continued to- teach, the 
opinions of their countryman Des Cartes. 
7: ö 
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Truth however at length p revai m he 
totemporaries of Nm who m ght 
have oppoſed his merits from e 5 5 
being deceaſed, the ſucceeding generation 
adopted his diſcoveries, and his, s ſyſtem 7 
now prevails. in every polite. part of 


+ 41> 339 


* 
% 
ure e. . 
. | : 3 
gf ug i Bran % 2 , * & * # #%. >. 2 0 als 1 1 A 
Ta. 5 . 1 1 1 Eo 3 1 ee 5 
, N g 5 — a 


2 85 1 we hare ſeen- experinienta 
auler continuing to improve; but. 
it will be but juſtice 1 to obſerve,, that the 
ſuccefſors of Newton have not ſinee his 
time made chat rapid progrels 1 in this 
. ſcience that was once expected. This 
- jutlicious philoſopher knew preciſely thoſe 
parts of Nature, which admitted of ge- 
ometrical applications. Nothing could 
be. more happily. conceived tha” his 
applying mathematical calculations TAG - 
the heavenly bodies, upon which no 
natural experiments could be made, and 
the greatneſs of whoſe bulks and di- 
ſtances could more eaſily be meaſured by 
numbers, and conceal the minute devi- 


ations of Nature from univerſal theorems. 
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Esxperimentu! Philoſaphy. 14 
His followers; much lefs judicious, 
have expected more from geometry than 

the art could grant, and, by erroneous 
imitation, have applied it- to Parts of 
Nature, which are incapable of admit- 
ting mathematical calculations. Thus 
we have ſeen the force of muſcular motion 
determined by numbers, the velocity 
with which the blood circulates calcu- 
lated with geometrical preciſion, the 

Fermentation of [liquors has undergone 
the ſame ſcrutiny, and the moſt incon- 
ſtant appearances of Nature have been 
determined with inflexible demon- 
ſttation. F 


U 


. would be abſurd to. dale the great 
ul of geometry in natural enquiries; 
but ſure it may be ſaid, without offence, 
that mathematicians expect more from 
its aſſiſtance, than they have been hitherto 

able to find. If we expect to make dif- 
coveries in Nature merely by the helps 
of geometry, it is probable we ſhall be 
diſappointed, as this art is rather fitted 
to give. preciſion to diſcoveries already 
* 3 made, 


_” | aſa ma of 
„eee to conduct us to new. 
Though it may ſerve: as a, vebicle, 
through which to deliver our diſcoveries 
to others, ꝓet it is ſeldom by this method 
that we have happened upon them our- 
roc 


Howavxx this may be, it is rather 
| to accidental-experiments, than to pain- 
ful inductions, that we are indebted for 
the modern diſcoveries in this ſcience. 
Electricity, magnetiſm, and congelation, 
have been rather the reſult of accident 
inveſtigation. Of theſe we know 

but ſome of the properties, nor have we 
any ſubſtantial theory as yet concerning 
abem. In fact, mankind at laſt begin 
to perceive, that our knowledge of Na- 
ture is much more limited than we lately 
Amagined-it to be. In the laſt age it was 
Anaſhionable to ſuppoſe, that we. could 

Aſatisfactorily account for every appear- 

ance around us: at preſent, the real 
-philoſopher ſeems to reſt ſatisfied, that 
there is much in this ſcience yet to be 


iſcovered, and that what he already 
= | knows 


— 
* 


oriental Phil Nh; 1 i 


hows bears no Proportion to what re- 
mains unknown. He no longer there- 

fre pretends to aſſign cauſes for all 

things, but waits till time, induſtry, or 

accident ſhall "Li new WOES" to _ 

| the _— A | 
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of a Matter and its "Benton. 4 T7] : 


ETF. us for a moment compare this 

I utiiverſe to a palace, erected by the 
divine Architect, and the unphiloſophical 
ſpectator to a foreigner, who ſees but the 
external part of the building. ' From fo 
ſuperficial a view it is eviderit he can 
have but an unſatisfactory. idea of the 
{kill and contrivance of the great De- 
figner; he may perceive its beauties, but 
can have no idea of its conveniences. To 
have a more exact conception therefore, 
it is neceſſary to enter the building, to 
view each apartment ſeparately, to con- 
ſider the convenience of every room 
ſingly, with the me, and Acne 
of the whole. 


— 
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av the ſame manner the 22 
Nature ſtrike our view, we find our cus 
nmoſity allured by a variety of abjeſt.- 
Animals, vegetables, minerals, air, wa- 
ter, and fire, all put on different appear- 
ances to pleaſe, aſſiſt or aſtoniſh us; in 
order to come at a knowledge of their 
nature we muft approach them cloſely ; 
we muſt firſt confider each as diveſted of 
all their accidental qualities of figure and 
colour, and turn from Nature's external 


I this ſearch, the firſt thing we find is 
Matter, that inert ſubſtance which ſerves 
as the foundation. of all bodies, and 
which, while itſelf is unſeen, gives Ex | 
Meence to all other qualities that: ſtrike 
the ſenſes, Of this all bodies have been 
originally compoſed, and it is probable 
that whatever different forms things may 
affume-either in earth, air, fire, or water 
yet matter is alike fimple in all, and tliat 
every part of nature is es 2752 from 
; ſimilar e. ; * 
| Hows | 


19 
Hownver this be, certain it is, that no 
efforts of ours cari make atty alterations 
in matter, though we eafily can in the 
ſenſible qualities with which it is cloath= 
ed. We may, for inſtance, deftroy the 
figure and colour of a globe of gold, and 
diffolve it into a fluid like water, yet ſtill 
every part of matter in it remains un- 
changed, and fills up as much ſpace as 
before, If we ſlionld attempt to force 
any other body into the place it poſfeffes, 
the united ftrength of millions would 
not be able to prevail till itſelf were re- 
f moved, to give the foreing body admif- 
fion. If the ſofteſt ſubſtances, fuch as 
air or water, be fixed between our hands, 
| theſe cannot be brought to touch, till the 
air or water find a vent on one fide or 
another, The academy of Florence 
having encloſed water in a globe of gold, 
preffed it by the extreme force of ſcrews 
on every ſide. The fluid thus compreſſed 
by the approaching fides of the engine, 
at laſt, finding no other paſſage, 002 tt 
out through the pores of the metal, and 
Rood like a dew upon its ſurface, Thus 
Cc 5 no 
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no art can \ deſtroy. that property « 6 body by 
which. it keeps out all others, that. tend 


to enter, the place It e 3, and g which: 
is called Aldi, | 


— 


* 


Serbe e which cannot be 
ſeparatgd 1 from mere matter, is its in- 
activity, , or, that incapacity it has to 
move of itſelf, 0 or to ſtop its own motion. 
It is true, we may eaſily put one body 
into motion, which may communicate 
the ſame to another, which may commu- 
nicate to, a third, and fo on; yet {till this. 
matter is perfectly 1 it only goes 
forward with the force impreſſed at firſt 
by. ourſelyes, and whatever motion it 
may communicate, it loſes ſo much of its 
OWN... No art, however, can give it a 
power of ereating or generating new 
motion; a ſtone till removed will continue 
to lie inertly on the ground, and if : 
thrown forward will continue. to move 


hinders i it From. proceeding. If there had 
been nothing to ſtop its motion, it would 
continue to go on for ever. 


As 
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As we are capable of giving Motion to 
matter, ſo alſo are we able to divide it; 
for Divi ifi bon is, properly ſpeaking,” only 
the moving of one part away from 
another, This Divifi vility may be carried 
to great lengths by art: a ſingle grain of 
muſk ſhall ſo divide its parts as to fill a 
whole room with its odour, and yet 
loſe but little of its weight in the expe- 
riment; a ſingle grain of gold ſhall 

cover a ſurface of thirty yards ſquare; a 
| ſingle grain of copper ſhall give a beau- 
tiful blue tincture to many millions of 
- times its own quantity of water. Thus 
matter is extremely diviſible; and after 
all, when the artiſt is thus fatigued with 
dividing a body into minute parts, the 
imagination can eaſily take up the taſk, 
and continue the e without ever 


coming to an end, 


: Lr us then call hui, ina@ttvity, the 
capacity of receiving motion, and Auvi- 
Abl, properties of matter of which it 

ban never be deprived; properties which 
ye mention here rather for the ſake of 

wy” GY method 
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| en information; ſince 9 are 
all obvious to the moſt ſuperficial ob- 
ſerver, and fince every moment's experi- 
ence convinces him of their exiſtence, 
In fuch fubjects the learner wants to be 
informed of little more than the import 
of the mes, for the things themſelves = 
they knew before, In fact, each of theſe 

Properties implies the exiſtence of all che 
reſt; for if a body has been divided, it 
muſt have been put into motion; if put 
into motion, it muſt have been i in a ſtats 
of iactipity; if inactive, it muſt have 
reliſted the preſſure of the-moving force, 
and the reſiſtance to this Fe de im⸗ 


fil, 


CHAP. I, 


Of 222 


HE properties of matter, men- 
L | tioned in the laſt chapter, are ſuch 
26 offer themſelves to every obſerver, and 
which can be known to reſide in every 
fingle part of it, r of the reſt; 
fox 


| Experimental ang. 
eee ee Weagh there were 
no other in the world. But, beſides theſe; 
there is another property of matter leſs 
obvious, and which, though refiding in 
every part of body ſingly, yet cannot 
be made known to us, but by the opera- 
tion of one body upon another. The 
property I mean is Attraction, or that 
power by which we ſee one body ap- 
proach another, without any apparent 
force impelling it. Thus we ſee motes 
and ſtraws, of themſelves, fly to amber or 
ſealing-wax, at a conſiderable diſtance j 
we ſee iron move towards the loadſtone, 
and water to glaſs. What it is that thus 
impells theſe ſubſtances to approach each 
other, or in other words, what it is that 
cauſes this attraction between them, re- 
mains a ſecret that human ſagacity has 
not yet diſcovered; we are certain of the 
fact, we ſee plainly that the ſubſtances 
do approach, and all that we can affign 
as the cauſe of their coming thus together 
i ut — 
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Ir may be aſſerted, for inſtance, as the 
cauſe of this, that there is an extremely. 
ſubtil fluid, much thinner than air, 
which is diffuſed throughout the uni 

yerſe, and even enters the pores of. the 
hardeſt bodies. This being granted, it 
follows, that ſuch parts of this fluid as 
are thus ſtrained through hard ſubſtances, 
muſt be neceſſarily much finer, and more 
ſubtil, than thoſe parts of this fluid 
which are diffuſed into ſpaces leſs ] 
crowded with matter; as the liquor that 
4s filtered through the pores of a marble 
rock, muſt be much finer than that which 
is. unfiltered. Whereyer this fluid is moſt | 
denſe, therefore, it will drive all ſolid bo- 
dies towards thoſe places, where they find 
the leaſt reſiſtance; namely, where the 
fluid is leaſt denſe; that is, to the ſurfaces 
gf the hardeſt bodies; and the particles of 
this fluid being alſo ſuppoſed. elaſtic, 
1 impelling force will be increaſed to 
_ what degree the imagination thinks pro; | 


Rh to ge i it. | 
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Experimental Philoſophy. 24 
Ir was thus that Newton attempted to 
explain this appearance in nature, a me- 
thod of accounting for things, perhaps, 
originally borrowed from Des Cartes, and 
Which wants only to have the exiſtence. 
of a ſubtil fluid proved, to make it bear 
- the reſemblance of truth. In fact, in in 

other parts of his works, he ſeems to lay 
no ſtreſs upon this theory, and aſſerts, 
that a body attracted, is drawn in propor- 
tion to the quantity of matter it contain- 
ed; while bodies impelled by a fluid, are 
driven with more or leſs force i in i propor- 
ane to Weir ſurfaces, „ 


Bur though we cannot account he the 
cauſe of this attraction, or this. tendency 
of one body to another, yet. the experi- 
ments that ſerve to prove it are inconteſt» 
able, though we ſhall find it various in 
different ſubſtances. The wonders of the 
hoad-flone, of electricity, of r 
tuber and cobering bodies, will at once 
| confirm the exiſtence of Soon will 


| } 
| 

i 

| 

i N 

N - 

| | 

6 

! Fe 

=_ 
| 
1 

= 3 

1 
3 
iy 
IL 
I 
=p 
i! 
SH 
| 


26 4 sunvar me 


5 8 n Pons! et 
& the Magnet or Load-flone, with the : 
7h 5  aftraftion of Maognetifm. _ 


h HE power which the load-ſtone 
has of attracting iron, or of one 
 load-ione attracting another, has excited 
che admiration of every age; and even 
induced ſome of the ancients to aſſert, a 
that it was an animated ſubſtance. Ariſe 
tothe aſſures us that Thales, the moſt an- 
cient philoſopher of Greece, made men- 
tion of it, and Hippocrates ſpeaks of it 

under the title of the fone which attrafts 
iron. Pliny was ſtruck with the wonders 
of its attractive qualities, which was all 
the ancients knew of it, and thus finely 
exclaimed *, „ What can be more rigid, 


* Quid lapidis rigore pigrius ? Ecce ſenſus ma · 


mk tribyit illi natura. (Quid ferri duritie 


pugnacius ? Sed cedit & patitur moves: Tratutur 
namque a magnete lapide domitriæque illa rerum 
omnium materia ad innane neſcio quid currit. 
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Experimental Philoſophy. *y 
and inactive than flane ? Yet, for all this 
nature has granfed it ſenſe, and power 
What can be more obſtinate than the bard» 
neſs of iron ? Yet it is brought ta abedience, 
and becomes traftable. For it is com. 
' manded by the hoad-ſtone, and that fl. 
' fance, which conquers all things, flies to 
Something, I know not what, ncorporeal, 
In fact, theſe powers might well excite 
ſurprize, they were inexplicable from the 
beginning to this day, and remain ſo; 
poſterity, inſtead of being able by experi- 
ment, to inveſtigate the cauſe, have only 
by the ſearch, found out new wonders _ 

equally inexplicable; therefore all that 
now remains, is rather to ſum up the 
qualities of the 8 than to ze 
count for them, 7 


EvxRv 8 hath two poles, in 
vhich, the greateſt ſhare of its magnetic 
or attractive virtue reſides. Theſe poles, 
or oppolite points, may be found out by 
rolling the load-ſtone in the filings of 
iron, by which the filings will be ſoon 
feen to adhere. to the poles, in greater 
abun- 


vs 4A Survey of 


| ot abundance, than to the other parts; ; nd 
| © | | Ubvughitbe broke into a thouſand pieces, 
| 


yet each 8 of it ſhall ſtill have its pole, 
as s before,” | On 
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20 1 hd parts of the 16ad-ſtone 
have received their name from the two- 
Poles of the earth, and like them, one is. 
called the north, and the other the ſouth 
5 pole. Nor are theſe terms applied arbi- 
trarily; for they have a moſt ſenſible 
ö affinity with the poles of che globe, whoſe 
names they bear. A load-ſtone, fo con- 
trived as to float upon ſmooth water, 
| {whichimay eafily be done by making it 
with a broad furface) will have its poles 
Aways directed, each to its kindred pole 
bol our earth; one to the north, and the 
other to the ſouth. And if they be turned 
| never fo often, ſo as to make them 
point in different directions, yet the in- 
ſtant this external force is taken away, 
they” will recover r their former e 


TuIS RR direction was utterly 1 un- 
Bars to the ancients, but has by the 
—_— 18 moderng 
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moderns been converted to the moſt uſeful. | 

and amazing purpoſes, For another pro- 
perty of the load-ſtone is, that it com- 
municates its virtues to iron, merely by. 
rubbing ; and converts it, to all intents. 
and purpoſes, into a magnet like itſelf, 
5 with all the ſame attractive properties. 
A piece of iron, thus impregnated with 
the magnetic power, and nicely ſuſpended 
on a ſharp) point, ſoas to leſſen the friction, 
and to give it the greater advantage of 
playing and turning in every direction, 
becomes what is called the mariner”s 
| needle, and will be ſeen to ſettle itſelf i in a 
direction nearly north and ſouth. 15 
ſcarcely need obſerve, how abſolutely 
neceſſary ſuch an inſtrument muſt be in 
directing mariners in long voyages; and 
it was for want of it, that the ancients 
were obliged to coaſt along in their 
courſes from one country to another; 
and ſeldom ventured to leave ſight of 
land. 


Bur though load-ſlones, or iron im- 
pregnated with magnetiſm, have a ſtrong 
attractive : 
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attractive force upon each other, yet they 
have a repulſive force alſo; for if we 
mould attempt to make the two north 
poles, of two diffetent magnets, approach 

each other; we ſhould foon perceive them 
to fly off with ſome violence, as if afraid 
of the touch; and in the ſame manner 
alſo, wonld the two fouth poles repell eacli 
other: ſo that in fact, two magnets only 
 Mtra& mutually, by the poles of different 
denominations ; that is, the north pole of 
- the former, will attract only the ſouth 
pole of the latter; and the north pole of 
this, in turn, wilt have the ſame influence 

upon the ſouth pole of the other. But two 
poles of the ſame name, like two mem of 
the ſame trade, are ever at yy To 

3; __ 3 1 e 


Ir is for this ae A wha 
2 magnetic virtue is to be communicated 
to iron, that the ſouth pole in the load- 
ſtone, ever gives a north pole to the im- 
pregnated body; as we ſee, for inſtance, 
that end of the mariner's needle, which 

5 i touched by the ſouth pole of the ſtone, 
3 always 
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"lors points. northward. . There. is 


therefore ſomewhat friendly and fym- 


ferent denominations. Univerſally, when. 


artificial magneta are made by rubbing, - 
each pole in the making magnet, begets : 
its ſympathetic pole of a different name | 
in the newly made magnet. And En 


pathetic, between the two poles of dif- 


two magnets are left to remain together, 0 


they ſhould always be placed wich their ö 


ſympathetic, or oppoſite poles together, 


rather encreaſes their energy; whereas, 


ke pins that lie head to point, and this bh 


if they lie with their diſagreeing fimilae | 


; poles together, their power will be'wea= 
kened, and at laſt _ deſtroyed. - | 


TE fineneſs of theſe Saag nete efffvia 
is ſuch, that they pervade the hardeſt ho- 


dies; a magnet attracting iron, though 


de interpoſed between them, and qual 
operating, in vacuo, as in open 2 


There is a curious method of er . 


the directions of theſe effluvia viſible: 


Strew ſome ſteel filings over a ſheet of 
: . : 


glaſs, gold, water, or any other ſubſtance 
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white paper, and underneath, let a mag? 
net be placed; then gently tap the paper 


With the finger, or otlierwiſe, ſo as to give 


the filings a little motion, and they will 


ſioon be ſeen to form a regular ſtriated 
fFgure upon the paper; as repreſented in 
© the diagram. (See plate I.) From the 


regulatity of the figure, which thefe eflu- 


via aſſume, ſome have been of opinion: 
_ that tlie earth itſelf is one great magnet, 5 


ſending forth effluvia in the ſame man- 


5 ner; and that all magnetic bodies; lying 


in the current of theſe, aſſume a polar 


Aditection: as a piece of timber; carried 


down. a pid, ſtream, ener floats 
lengthwiſe. oy H a 4H Ye dne enn 


ry 
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| HoWEVER this be, we find by expeti- 
ence;- that the pgles of a magnet do not 
point exactly north and ſouth, but des 
viate a little from this direction; ſo that 
the mariner 8 needle often points ſome f 


5 degrees away from the north pole. This 


is called the needle' 8 variation; which, at 
different times, is greater or leſs in the | 


ſame place, mad often different in eold 
„ | | weather 5 
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weather from what it is in hot. This is 
one of thoſe phænomena, which has long 
employed human ſagacity to no purpole ; 
the hypotheſis even of the late Doctor 
Halley himſelf, being no lon ger treated 
with eſteem, He was of opinion, that 
the globe of the earth had four 
magnetic poles, and that the needle 
turned to which ever of thoſe it ap- 
| proached moſt nearly.. Then as its vari- 
ation was continually found changing, 
as has been obſerved; being one time 
greater and another time leſs; ſo two of 
the carth's magnetic poles were always 
moving, while the other two were fixed, 
For this purpoſe, - he has ſuppoſed the 
globe of the earth to reſemble a nut, 
with its kernel; the kernel having two 
. poles, and the ſhell two more; the ker- 
nel and its poles going round with a flow 
motion within the ſhell, and thus 
cauſing the variation of the needle to 
be greater or leſs, at different times; 
the internal poles drawing it away from 
its direction to the external. The reader 
will, no doubt, ſmile at ſo complex a 
Wo. I. = ſyſtem ; 
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ſyſtem ; but ſyſtem making was the 
fault of the laſt age. 


IT has deen tried alſo, but with no 
better ſucceſs, to determine, to what ex- 
tent the ſame magnet diffuſes its attract- 
ing powers; and it has been found, that 
one day, the ſphere of its power is 
much more extenſive than another; 
that upon one trial, it would attract ſteel 
filings, at fourteen feet diſtance; and 
upon a ſecond, it could ſcarcely reach 
them at ſeven feet, without any apparent 

alteration i in the weather. Some magnets 
alſo are found to act with much force 
upon bodies hear them; but with very 
little, if they are removed to the leaſt con- 
fiderable diſtance ; white others are re- 
markable for contrary properties, having 

an extenſive reach, though no great force 
in approximation or contact. Doctor 
Helſbam's load- ſtone attracted iron four 
times more ſtrongly, at one inch diſtance, 
| than at two; or in a ſimilar proportion. 
Sir Laac Newton's, attracted fix times 
| more ſtrongly, at one inch, than at two; 
white 
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while that of M. Du Tour, attracted but 
twice as ſtrong, at ſimilar diſtances. For 
this reaſon, no general law can be 
formed concerning the increaſe of mag- 
netic power; the properties in each 
magnet being ſo very various, and often 
the fame magnet, x at FEES bg ſenſi- 
bly from ell.” CY OY e 


Bur, beſides he virtue efron to iron wide 
rubbing upon a magnet, it may acquire 
the fame powers, without the aſſiſtance of 
any load-ſtone whatſoever; and the beſt 
needles may be made artificially, merely 
by rubbing againſt othert ion A piece 
of ſteel, for inſtance, rubbed hard, for 
ſome time, all one way! by a poliſhed 
ſteel inſtrument, will, by this kind of 
friction, conceive ſo great a degree of 
virtue, as to become an artificial magnet; 
of greater force than the natural one. 

Or, if a bar of iron be left to ſtand for 
a long time, in the ſame unaltered per- 
pendicular poſition (as we ſee the bars of 
windows) it will acquire a magnetic 
Power, and attract iron. But there is 
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. e gives a power to ſteel, 


far beyond what the natural; magnet is 


able to produce; and n r be * 
formed as follows, 


tips 2 _ . 17 75 5 3.3 CIO 457 


„ PROCURE,; —_— fix, of ſoft feel, | 
each three inches long, one quarter of an 
inch broad, and one twentieth of an inch 


thick; with two pieces of iron, each 
Half the length of one of the bars, but of 
the ſame breadth and thickneſs; ; and fix | 


bars of hard ſteel, each five inches 26ul 


zan half long; half an inch broad, and 


three: :twelitieths: of an inch thick; with 
1 iron, of half che length of 


dne of thelbafa, but its whole breadtll and 


thickneſs. And let all the bars be 
marked ih a line en them at one 


end. Fa” L 3 4 5 38 * TF# MA Fee) - 8 
43 vp i : © & / ; j 4 
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* hs an iron Rpt 2nd tongs, 


| the larger they are, and the longer they 


have been uſed, the better; and fixing 


the poker upright, between your knees, 


bind one of the ſoft bars towards the top 
of it, with a filk ltr inge which muſt be 
held 
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end of the bar being downwards. (See 


Plate II. fig. 1.) Then graſping the tongs / 


with the right hand, a little below the mid- 
dle, and holding them upright: alſo; let the 
bar be ſtroked by the lower end, from tie 
bottom to the top, about ten times, o 
each ſides which will give it a magie 
power, ſufficient to lift a ſmall key at che 
marked end; which end, if the bar was 
ſuſpended on a point, would turn towards 
the north, and is therefore called the 


north pate 9 


5. of the ſoft bars, Winch impreg- 


nated after this manner, lay the other 
two parallel about one fourth of an inch 


from each other, on the tahle, between 


the two pieces of 1 iron belonging to them; 
a north, and a ſouth pole, againſt each 


paiece of iron. (See Plate II. fig. 2.) Then 


take two of the four bars, already made 
magnetical, a and place them, with. their 
flat ſides together, ſo as to make A double 
bar in chicks ; the north pole of «the 
one, even with the ſouth pole of the 
D 5 other. 


held tight with the left hand, the marked 
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other. Then lay the two remaining 
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ones, on each ſide of theſe, ſo as to have 
two north, and two ſouth poles together. 


Lou muſt then ſeparate the two north, 
from the two ſouth poles, at one end, by 


hruſting a large pin between them; and 
place them perpendicularly, with the 


ſeparated end downward, on the middle 


of one of the parallel bars; ; the two north 
poles towards its ſouth, and the two 
ſouth poles, towards its north poles. In 


this poſition, ſlide them backward and 


forward, three or four times, the whole 
length of the bar, and finiſhing in t 
middle; . remove. them from the middle 


of this, to the middle of the other parallel 


bar, and go over that in the ſame man- 


ner; and turning both bars the other 


fide upwards, repeat the operation. This 
being done, take the two parallel bars 
from between the pieces of iron, and 
placing the two outermoſt of the perpen- 
dicular touching bars, in their room; let 
the remaining two now be made the outer- 


moſt, and thoſe that were parallel become 


the innermoſt of the four ta touch with, 


The 
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The proceſs with theſe, being repeated as 
before, till each pair of bars have been 
touched three or four times over, which 
will give them a conſiderable magnetic 
power; put the half dozen together, 
three poles on one fide, and three poles 

on the other; and in the former manner, 
touch with them, the two pair of hard 
bars placed between their irons, at the 
diſtance of about half an inch from each 
other. Then lay the ſoft bars aſide, and 
with the four hard ones, let the other two 
be impregnated, holding the touching 

bars apart at the lower end, near two ; 
tenths of an inch; to which diſtance, let 
them be ſeparated after they are ſet on the 
parallel bar, and brought together again, 
before they are taken off. With this 
precaution, proceed in the method de- 
ſeribed above, till each pair has been 
touched, two or three times over. 


TRE bars, though now 1 
with ſtrong power, yet may receive ſtill 
greater, by touching each pair, in their 
parallel poſition between the irons, with 


D 4 . 
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two. of the bars; one in each hand, held 
| horizontally ; (ſee Plate II. fig. 3.) and a 
north and ſouth pole being approached to 
each other, and laid upon the middle of 
the parallel bar, the hands are drawn aſun- 
der, ſliding the north pole of one touch - 
ing bar, to the ſouth of the parallel ; * 
and the ſouth pole of the other touching 
bar, to the north pole of the ſame. This 
is repeated three or four times, and it will 
make the bars as ſtrong as they can poſ- 
ſibly be made. The whole of this may 
be gone through in half an hour, and 
each of the bars, if well hardened, may 
be made to lift above two pound; a 
power, much greater than any load- 
ſtone can confer. Such a method there- 
fore of communicating magnetiſm, will 
anſwer all the purpoſes of navigation, 
and experimental philoſophy in the 
compleateſt manner, with leſs trouble, 
an more certain ſucceſs. 


As the 88 power may _ thus 
eafily communicated, ſo may it as eaſily 
be deſtroyed, By making the load-ſtone 


or 
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or iron red hot, the power is quite taken 
away, though it often returns upon the 
body's growing cold. A ſmart blow of 
a hammer, often diſpatches this virtue 
alſo; and in general, any operation 
which alters the form or texture of the 
body, diminiſhes the magnetic power. 
Thunder ſometimes. gives it, and ſome- 
times takes it away; in ſhort, nothing 
can be more uncertain and capricious, 
than the phænomena of this amazing 
power. Almoſt every new experiment 
on the ſubject, diſcovers new wonders, 
ſome of the moſt ſtriking are here men- 
tioned ; it would take up a volume but ta 
name thoſe that remain x 


A 


* The chenemens of the dipping needle, have 
not been mentioned here; as ſome have of late 
began to doubt the reality of its exiſtence; it may 
be therefore proper to leave that matter untouched 
upon, till that conteſt be determined. 
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Magnet attracts iron, without any 
previous rubbing, and its effluvia 
es the pores of all other ſub- 


ſtances, how denſe ſoever. But, beſide 


this, there are other bodies which attract 
different ſubſtances, tho' they require 
ſome preparation to make their power 


ſenſible; and the effluvia which they 


emit, can pervade only ſome particular 


| ſubſtances. This ſpecies of attraction is 


called Eledtricity. For upon rubbing 
amber, called in Latin Electrum, it is 
found to attract any very light ſubſtances 


that are near it; and this property was 
known to the naturaliſts of antiquity, as 


well as the moderns. Upon further 
enquiry it was found, that not amber 
only, but ſeveral other ſubſtances, had 
the ſame properties, in a high degree; 
that glaſs, reſinous ſubſtances, wool, 


ſilk, and hair produced the ſame effects. 


That any of theſe, when dry, and rub- 


Experimental Pbilgſophy. 43 
bed for a ſhort time, were always ſeen 
to attract motes and ſtraws to their ſur- 
face, from a pretty conſiderable diſtance 
and ſometimes repel them again with 
equal force. The ſame trials were made 
upon other bodies, moſt of which, after 
being very well dried and rubbed with 
long perſeverance, ſhewed a ſimilar power 
of attraction. Two kinds of ſubſtances 
alone were to be found in nature, that 
could not become attractive; and theſe 
were fluids, which could not be ſubjected 
to the trial of rubbing; and metals, which 
by no arts uſed could be brought to ſnew 
any ſigns of this electrical property. 


As ſome bodies were thus perceived 
to have theſe electrical properties more 
eaſily excited in them than others, thoſe 
which quickly became attractive by 
rubbing, were called electric bodies. 
Of this kind, were all precious ſtones, 
glaſs, porcelane, reſins, bituminous ſub- 
| ſtances; wax, certain parts of animals, 
ſuch as ſilk, feathers, hair, or wool ; 
all theſe — becoming electrical, when 
rubbed, 
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rubbed, and exerting their power in a 
high degree. On the contrary, thoſe 
which took a long time to have this pro- 
perty excited, or which ſhewed no ſigns 
of it at all, received the name of non- 
electric bodies. Of this kind, were all 
fluid ſubſtances, ſuch as water, ſpirits or 
mercury; all metals, and ſemi-metals, 
marble, lime- ſtone, all living animals, 
all green plants and trees, and ſubſtances 
made from them; ſuch as thread, paper, 


. and linen cloth. 


2 
4 


e * thus della ac- 
cording to their electrical powers, it was 
then tried to how great a degree, bodies 
of the electric kind, ſuch as glaſs, for 
inſtance, could be impregnated with an 
attracting power. A glaſs tube, about an 
inch and an half in diameter, and three 
feet long, being heated by rubbing, was 
found alternately to attract and repell all 
light bodies, at ſeveral inches diſtance. As 
this, however, was but a trifling power, in- 
ſtead of uſing a tube, experimental philo= 
_ gs an hollow globe of glaſs, 
mode 
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moderately thick, and about a foot dia- 
meter; which” being made to turn upon 
an axle, in the manner of a cutler's 
grind- ſtone, and like that, being whirled 
round by means of a large wheel and 
"ſtrap, the palm of the operator's hand 
kept dry by a glove, or Spaniſb white be- 
ing kept upon it, a great degree of fric- 
tion was thus excited. The globe being 
rubbed in this manner, was ſeen to acquire 
a very great electrical foree, and Doctor 
Helſham long ſince found, that woollen, | 
or ſilken threads, being held on one fide 
near it, while thus turning, they would 
dart themſelves into ſo many ſtraight 
lines, all pointing towards the center of 
the globe. The effluvia were even perceiv- 
able to the ſmell and the touch; and theſe 
were the firſt ſteps, which were made in 
purſuit of the wonders that were after- 
wards diſcovered, in this part of . 
Ry del | 


# 
1˙ 


* * <= ha the globe was s thug, mini, 
or TE it-was touched with a piece 
of ſealing-wax, reſin, amber, or any 
other electrical ſubſtance, | this made no 
alter- 
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alteration 1 in its effects ; the globe con- 
tinued to attract leaf gold, motes, or 
ſtraws, as before: on the contrary, when 
it was touched with a man's hand, a piece 
of metal, a ſtick, or any other non- 
electric body, all its attracting power 
ceaſed in an inſtant, and it required to 
be rubbed anew. It was, however, 
ſoon after perceived, that if the touching 
non- electric body, was placed in ſuch a 
manner as to touch nothing but the 
electrified globe or tube, and to have no 
communication with any other body, it 
then became electric itſelf, attracted motes 
and ſtraws, and its touching did not 

in the leaſt diminiſh the efficacy of the 
glaſſes attracting power. If, for inſtance, 
a piece of metal, or any other non- electric 
body, was fixed on the top of a glaſs 
tube, taking care that it touched nothing 
but the glaſs only; and then the tube, 
being electrified, by rubbing with the 
hand, the metal above was ſeen itſelf 
to become electric; and like the glaſs to 
attract and repel light ſubſtances; and : 
| like it, when the finger was brought near 
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it, about-the diſtance of half an inch, to 
ſnap; and crackle. . But if the metal, 
while it touched the globe, touched alſo 
the earth, or any other non- electric body 
that communicated with the earth, as a 

man ſtanding on the ground, a chair, a 
table, or ſuch like, all its new acquired 
virtue, inſtantly ran into the man, 
or the table, and from thence down to 
the earth; where, like ſpilled water, it 
| vaniſhed, and was loſt in an inſtant, and 

was no 1 capable of its former 
exertions. 


5 IN order, therefore, to flop this cur- 
rent of electrical effluvia from running 
into the ground, ſomething was to be 
placed between the man's feet and the 
earth, that would prevent the electrical ef- 
fluvia from going any farther. Now it was 
found, that all electrical ſubſtances could 
do this; for though they become electri- 
cal by rubbing themſelves, yet they never 
admitted the effluvia from another electri- 
cal body, but reſiſted its further progreſs. 
If, therefore, a cake of reſin, wax, or 
any 
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any- other. ſtrongly electrical ſubſtance, 
be placed under the man's feet, while he 
touches the electrified globe, he becomes 
filled with the electrical effluvia, which 
has no power to eſcape” downward, as 
the cake reſiſts it, and he is as capable of 
attracting light ſubſtances, to the ſurface 
of his body, as the globe itſelf. © A piece 
of metal, inſtead of the man, will do the 
ares fo will all non-elcAric ſubſtances. 2 


1 N e achte we mãy obſerve, 
that the electrical efluvia can be poured 
into all non- electric ſubſtances at. pleaſure 
by communication 3. that they receive it 
ſimply, at the approach. of the electric 
globe or tube, which is heated by fric- 
tion, and communicate it to all other 
non- electric bodies, with which they are 
united, though this union ſhould be 
never ſo extenſive. On the contrary, | 
electrie bodies, whoſe power can be 
excited by rubbing, will receive no 
effluvia by communication from other 
electrified ſubſtances, but 2255 all their 


emanations. 8 
LET 
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Lz us now then ſuppoſe the whole 
electrical apparatus prepared, the glaſs 
globe turning ſwiftly upon its axle, by 
means of a wheel, arid rubbed by the 
Hand of the operator, while the perſon to 
be electrified ſtands upon a cake of reſin, 
wax and ſulphur, mixed together, of 
about fifteen inches diameter, while he 
touches the upper part of the globe, or 
ſome non- electric ſubſtance, that com<= : 
municates with it. The weather being ; 
diy, and the room ſpacious, we ſhall ſee 
the following woriders enfue. In a few 
ſeconds, the man will be filled with ef- 
fluviaz he will become perfectly electrical; 
his hands, and every part of his body 
will attract and repell light ſubſtances 
at four feet diſtance, and even farther, 7 
if the weather be extremely dry, Each , 
of theſe little ſubſtances, ſuch as ſtraws; - 
motes, and leaf gold, are at firſt drawn 
towards the electrified body with great 
fwiftneſs, and then when they have been 
ſaturated with the electric vapour, and 
have become equally electric themſelves, 
they are repelled with equal man 

Vox, I. 0 WHAT= 
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WI ATE VER. non-elearic bag, ls 


comes cleveibed. like himſelf, provided, 
It has no other communication | Not with 
himſelf, . or ſome electric body, into 
whic its effluvia cannot enter. | And 
this extenſion | of. the electrical effluvia, 
inſt ead of diminiſhing its quantity, ſeems, 
rather to increaſe i its force, as well in the, 
a as Whatever he holds in his hand. 

So that if a "thouſand men, ſhould. take. 
hold of 6 — other s hands, provided. they 
be, all placed upon cakes, of -relin,. or, 
ſome other electric body, the laſt man 
will! be ag ſoon electriſied as the firſt, and 
the greateſt. number rather more ſtrongly [ 
than one at a time, | However, if any. 
one of them have the ſmalleſt communis . 
cation with a non- electric body, which 


leads to the ground, if if, for inſtance, one 5 


of N theſe thouſand men ſhould have a 


ligen thread, reaching from, the ſkirt of 
| his coat. to the earth, the whole effluvia 
would eſcape. through that narrow con- 

duQter, to be loſt entirely. If theſe men, 

zialen of holding. hands, e each 
hold 


* 
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Hold an iron chain between them, they 
will be electrified with qual velocity and 
ſucceſs, | . 


Ir now, 1 s clerified man, who! 
flands foremoſt,” ceaſes to touch the turn- 
itig- globe, he will, nevertheleſs, continue 
for a good while impregnated with tlie 
electricity he has received, as well as all 
the reſt to whom it has been communi=' 
cited; however, their power of attracting 

and repelling licht ſubſtances, will in 
ſenſibly begin to diminiſh; till, after 
ſome time, it totally ceaſes: Metallic 
ſubſtanees are found to hold this electri- 
city, infuſed into them, much longer 
than animals; probably, becauſe their 
electric matter does not tranſpire, as in 
animals, by perſpiration. But to make 
all electricity ceaſe in a moment, i in either, 
it is ſufficient juſt to touch them with any 
non- electric ſubſtance that communicates | 


to the ground. 


3 


* 


Ir one, who is not electrified, brings 


his hand near the face of the perſon 


LINE the * he will perceive 
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the impreſſion of a fluid atmoſ phere 
about it; and continuing to approach his 
finger to ſome protuberant part, the noſe 
for example, if the room be darkened, 

the finger and the noſe will appear en- 
lightened; and when they approach ſtill 
nearer, there will proceed, from the 
perſon electrified, with ſome noiſe, a Aa 
bright ſtream like fire, which will Ae 
both parties at once, with a ſmall ſen- 
| ſation of pain, and which will be painful 
in proportion to the ſtrength of the elec- 
tricity. This ſtream will be equally pro- 
duced by the touch, from any part of the 
body, and even through the clothes; all 
that is required, being only that the 
wuching perſon be not eleAriied himſelf. 


IT is by this ſmall fans, "BY the 
effluvia migrate from one body to 


3 another; ſo that if the barrel of a gun, 


or any other metallic body which is non- 
electric, be ſuſpended by filk cords 
which are electric, and ſtop the progreſ- 
ſon of the effluvia, it becomes electrified, 
by a ſingle touch from the man, under 
the operation; ; and what is more extra- 


3 ordi- 
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ordinary, the greater this non-eleQric ry 
is, the more powerful is its electricity. 


Ir a ſteel wire of five or fix hundred 
yards, be ſuſpended in like manner, by 
filken cords, the inſtant it receives elec- 
tricity at one end, it is felt at the other; 
for the remote end will be found to 
attract leaf gold, the moment the nearer 
end touches either the man or the globe; 
and the effects, thus inſtantly excited, 
may be as inſtantly repreſſed, by the 
touch of a perſon who ſtands on the 
ground. If a man, ſtanding on a cake 
of reſin, ſhould, with the point of a 
ſword, approach the wire thus electrified, 
yet without touching, he becomes him- 
ſelf equally ſo; from whence it appears, 
that the effluvia can paſs from one ſub- 
ſtance to another, without either . 
into contact. 


nei. we - have ſeen how * 
tricity flows, either back or forward, 
with amazing velocity, and that it can be 
accumulated in any body at pleaſure, by 
| imple infuſion. It will be found alſo, to 
EE nt 
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exert . all theſe powers in a vacuum. or 

place free from air, with a greater foree; 
for if a globe be placed i in ſuch a manner 
in a receiver, exhauſted of its air, that it 
mayeftill continue to be rubbed with the 
hand, while the rubbing continues, and 
while the air is kept away, the globe will 
ſend forth a very bright light, in great 
quantities; ; but its brilliancy will become 


more feeble 1 in proportion as the air is 


. admitted, though the rubbing { ſhould be 


| 1 all the while. 2 


Ix it be defired to give the electrical 
den ſtill greater force, and to in- 
ereaſe the quantity and brightneſs of the 
flame, more globes than one muſt be 
procured, all communicating with, and 
pouring their effluvia into one non- 
electric body. A long tube of white i iron 
Is generally made uſe of, for this purpoſe; 


as receiving the greateſt quantity of 


_ effluvia, and retaining it longeſt, and 
eaſily conducting it wherever the opera- 
tor's s hand thinks proper, The flame 
that this! iron tube, (or conductor let us 


call it) when clefrified, ſends forth at 
8 the 


OJ Ot * 


1 an 1 ” 
+4 + 
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even lightning ie k 1 Hol Wk 
congdcber de A great Uillance, to meet the 1 


finger, and occaſic ions a © ſrnafting Pain. 


Wär the condudbrz or any othit 
non: electric body, has been thus electri- 
| fied, and has received 48 Freat a quantity 
of effluvia as it can bear; the overcharged 
effluvia, which 18 continued to be poured | 
in from the turning globe, flows out, 
either from. the, whole Aurface, like a 

bright light, or from ſome point or 

angle of of its ſurface, in a ſtream, like that 
which is ; Excited by the approach of the 
finger. The flame reſembles in form 
that of a hiſſing ſquib, (ſee fig. 4 Y narrow 
| upon iſſuing out, but diffuſing i its rays as 
it goes farther. If, the finger be now ap- 
proached to this ſtream, another wonder 
will appear. A ſtream of fire will proceed 
from the fin er, in an oppolite direction 


narrow upon leaving the 


finger, but diffuſing its rays as it goes 
forward. When both flames have ap- 
proached o near as that they join, they 
then quickly condenſe, and an appear- 


E 4 ance 
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jp is excited, that every way reſembles 


- lightning; z the flaſh is ſudden, the noiſe 


is loud, a ſulphureous ſmell enſues, a 
great pain and ſhock is felt, and a flight 
burn remains upon the finger that ſuſ- 
tains the experiment. We may kindle 
- ſpirits of wine a little warm, gunpowder, 
or any other inflammable ſubſtance in the 
fame manner, by holding them near a 
ſtream of fire, iſſuing from ſome Nein or 
angle of the conductor. 


Bur the fic excited in 5 way, 
is but a ſpark, compared to that excited 
by the famous Leyden experiment; the 
cauſe of which, no philoſopher has yet 
been able exactly to account for. A 
perſon holds by the bottom, i in the broad 

of his hand, a decanter or bottle almoſt 
filled with water, in ſuch a manner, as 
not to touch any of the empty part of 
the bottle with his fingers. Then an iron 
wire, that touches the globe or the con- 
ductor with one of i its ends, is made to 
dip the other end into the water contained 
in the bottle, but ſo as not to touch the 
LA in any * While the Pe holds 


the 
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the bottle thus, in the left hand, and the 
globe being ſtrongly electrified, if he 
touches the conductor or the wire with 
the knuckle of his right, he will imme- 
diately feel a moſt violent ſhock enſue, 
the force of which ſeems diffuſed over 
his whole body; ſo great is its force, that 
Mr. Muſchenbrake, who was the firſt 
who publiſhed this experiment, thought, 
when he firſt felt it, that it had killed 
him. This experiment was, ſometime 
after, improved by Doctor Bevis; who, 
inſtead of a bottle with water, made uſe 
of a large ſquare pane of glaſs, and a 
different non- electric, namely, a me- 
tallic ſubſtance, in this manner. A large 
ſquare pane of glaſs, of about twenty 
inches diameter, though the larger the 
better, is tinned on both ſides, as we 
ſee the back ſide of a looking glaſs ;' on 
both ſides however, there is a margin left 
all round untinned of about two inches 
broad. The glaſs being thus prepared, 
js placed flat upon a metal ſtand, ſo that 
the under fide of the pane lies upon a 
non-lefric body, which itſelf commu- 
nicates 
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nicates with the ground. The upper ſide 
of the glaſs pane, is made to communi- 
cate with either the electrifying globe 
itſelf, or its conductor, by means of an 
iron chain. Things being thus diſpoſed, 
the chain is ſtrongly electrified by turn- 
ing the globe, and thus communicating g 
with the upper fide of the pane, is elec- 
trified alſo. Now ſhould a man be ſo 
raſh, things being i in this ſituation,” as to 
touch the under ſurface of the pane - with 
one hand; while with the other he 
touches the chain that communicates be- 
tween the upper ſurface and the globe, 
the ſhock would be ſo terrible, that it 
would ſtrike him dead in an inſtant. But 
to avoid this, the operator takes a bent 
iron wire, curved ſomewhat in the form 
of a C, which is fixed in a glaſs handle 
that prevents the effluvia from coming 
to his hand; he takes, I ſay, this wire 
thus bent, and blunted at both ends, and 
with this touches at the fame time, the 
under ſurface and the upper chain that 
leads to the globe. The moment of the 
touch a Haſh of lightning enſues; which 
0 W dazzles 
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dazzles the eyes with its ſplendour; the 
noiſe may be heard at a great diſtance, 

and its force is ſuch, that it can penetrate 
ſeveral ſheets of paper laid upon the 
3 upper ſurface of the glaſs, or melt leaf 
br when properly OO to receive 
the flame. 


As nothing. we have. hitherto. men- 
tioned ſerves to explain the phznomena 
of this and the former amazing experi- 
ments, and as it in ſome meaſure departs 
from the uſual laws of electricity; ſeveral 
very learned men have been much per- 
plexed to account for it. Here we ſee 
glaſs, which in the uſual inſtances is un- 
touched by the electrical effluvia, in this 
experiment tranſmitting it, or at leaſt, 
ſtrongly affected by it. The Abbe Nollet, 
Doctor Watſon, Mr. Fallabert, and Mr. 
Franbli have all attempted to account 
for it, and each in a different way from 
the reſt: it would be impertinent here to 
recite or cgnfute any of their opinions, 
we ſhall only give an explanation later 
than theirs, namely, that of Mr. Monier, 
who 


— 


- 
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who delivers it himſelf as a mere con- 
jecture, and as ſuch we repeat it. It is 
true, he ſays, that glaſs refiſts the admif- 
ſion of electric effluvia, when thofe 
effluvia touch its ſurface but in one or two 
Points; but when it is united with a non- 
electric body, ſending forth its effluvia 
more cloſely, ſo as to touch ſurface 
againſt ſurface; in ſuch a caſe, the glaſs 
imbibes the effluvia like a non- electric 
body. For inſtance, as the ſurface of the 
water in a bottle, touches the internal 
ſurface of the glaſs in every part, when 
this water is ſtrongly electrified for ſome 
time, the glaſs will alſo imbibe a part of 
the effluvia from the water. Now this 
being admitted, and experiments ſhew it 
tobe true; after it has thus for ſome time 
imbibed the effluvia on its inner furface, 
this wilt make it begin to imbibe them on 
its outer ſurface alſo; ſo that if the bottle 
be held in the hand, it will alſo imbibe 
the effluvia of the hand. Now it ap- 
pears, that this current of effluvia coming 
from the hand is greater than that 
coming from the water within; ſo that 
the 
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the two currents meeting in oppoſite 
directions, the ſtronger ſtream will over- 
power the weaker, and the whole current 
will run from the hand to the outer 
ſurface of the bottle, from thence to its 
inner ſurface, and ſo inward to the water. 
If now, while the whole bottle is thus 
imbibing the efluvia-from the hand that 
holds it, the man, with the other hand, 
touches the conductor, and charges him- 
ſelf in this manner with a freſh quantity 
of effluvia, the whole torrent running 

towards the hand with the bottle; the, 
hand that holds it will receive a moſt vio- 
lent ſhock as the increaſed effluvia enters 
the ſurface of the glaſs, and at the ſame 
time that the other hand which touches 
the conductor, receives alſo a ſlight ſhock 

from this quarter, ſo that the whole body 
feels at once two concuſſions; and this 
produces the violence that is felt in the 
experiment of Leyden. 


HowE VER this be, the great reſem- 
blance which the flame thus excited, in 
every reſpect, bore to that which flaſhes 

Eo _ .." from 
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from thunder, gave philoſophers the e firſt 
hint of trying whether lightning was 


not actually the reſult of electricity. 
| Upon examination, it was found that tlie 


air is often charged with vaſt quantities 
of electrical effluvia; that an iron wire 
ſuſpended by-ele@ical ſtrings, often im- 
bibed this fluid from the clouds in great 
plenty; that in times of thunder it was 
particularly charged with it, and often 
with ſo much more than it could contain, 


that the fluid ſtreamed over from its points / 


in great abundance. All this proved in- 


conteſtably that lightning is no other than 
the electrieal flaſh of ſome non- electrical 
uncharged body in the air touching 


another made electric by friction, or 
charged by communication. And this 
may be eaſily enough conceived; if we 


ſuppoſè a large quantity of dry air be- 


come perfectly electrical, and touched 


by a non: electric cloud, as in àn iron 


conductor applied to a glaſs globe, the 


flaſh enſues, and the inſtantaneous loud 
noiſe is heard, which being echoed 


n times among the clouds, before it 
＋ comes 
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comes to us, gives the continuing ſound 
of thunder. If the flaſn ſhould: reach fo: 

low as the earth, and a perſon ſſiauld un- 
fortunately be in the place of its exploſion, 
he is generally ſtruck dead in a moment, 
and feels the Tum inſiknqapeoys: 1 of all 
r of death. 7. 2 4 
** this chants is not e „ 
but uſeful; for as in ſome countries the 
damages ſuſtained by thunder are frequent 
and. terrible, Mr. Frank/in has invented 
a method of ſecuring the houſes, and 
conſequently the. inhabitants, from its 
violence. It is no more than procuring A; 
long iron rod, which reaches from the 
cloud to the earth, and is ſo erecte d- in or {4 
near-a;houſe, as to touch no nons electric 
ſubſtance - whatever, except the ground 
below,, and the cloud above. The end of 
this rod, touching the electrified -cloud, - 
imbibes the electric fluid with which the 
cloud 1s charged, and carries it; down to 
the earth; ei it is mmm 
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Some other meteors ate the be 
alſo of this electrical fluid. The Aurbra 
Borealis for inſtance, or that ſhining dight 
which is often ſeen by night in the 
heavens, and which the vulgar call 
ſtreamers, may be thus accounted for 
from its effects. For it muſt be obferved, 
hat ſometimes electric bodies ſuck in the 
electric fire, and ſometimes they throw 
it out: if, for inſtance, after rubbing an 
unpoliſhed tube of glaſs, you approach it 
with the finger, the ſtream of fire comes 
from the finger to the glaſs; if on tlie 
contrary, this tube be poliſhed and then 
rubbed, the ſtream of fire will come' from 
the glaſs to the finger. Now ſhould we 
ſuppoſe, in the ſame manner, two electrie 
clouds with different ſurfaces, and there- 
fore one of them attracting the other's 
effluvia, if we ſuppoſe” an intervening” 
non- electric cloud as the conductor of the 
fluid from one cloud to the other, it will 
ſhine like the overcharged iron conductor, 
and put on the appearance of the meteor 
we r to account for. 20 f. 


| FRoM 


Experimental Philoſophy. 65 
+ FRoM electricity alſo, we may account 
for that fire, ſo often ſeen by ſailors, 
called Sf; Anthony's fire, which is no- 
thing more than the electrical fire ruſh- 
ing into a place exhauſted of its air, and 
there putting on a luminous appearance, 
as it always does in a vacuum. However, 
after all, in attempting to account for 
any of thoſe meteors, we have but pro- 
bable conjectures to ſupport us; there is 
not hitherto enough known of the phæ- 
nomena of electricity to build any ſyſtem 
upon, and we are deſirous of ſaying 
ſomething rather to excite, than . 
e 


OY | IT has not tileſs embaraſſed philoſophy 
to account for the nature of this fluid, 
than to aſcertain its properties. Some have 
ſuppoſed electrical fire to be a diſtinct 
fluid, as diſtin from all others in 
nature, as the magnetic fluid is known 
to. be; others will have it to be merely 
elementary. fire, or ſuch as is collected by 

the burning glaſs; others that it is a 
culinary; and others that it is no other 
EST © - than 


1 ——— 2 
than the Ether of the ancients, or of Sir 
Jaac Newton, which is diffuſed through 
the whole ſyſtem of the world; and the 

motions of which, give movement to all 
the. reſt of matter. To explain the reſem- 
blance between Ether and electricity, 
it has been in a former chapter obſerved, 
that this Ether is ſuppoſed to be in 
greateſt quantity, or denſeſt, in the moſt 
porous bodies; and on the other hand, 
more fine and ſubtil in denſe bodies, ſuch 
as gold. It is, alſo known by experience, 
that upon heating or rubbing any ſub- 
ſtance whatever, it ſwells under the 
operation, grows bigger, and conſe- 
quently becomes more porous. Now, ſay 

ſome, in proportion as the body becomes 
porous, the ſurrounding Ether ruſhes 
into it, and accumulates within, till the 
heat or the rubbing ceaſing, the body 
gradually ſhrinks to its former dimen- 
ſions, and the Ether is again ejected. 
Now this, they continue, is exactly what 
happens in electricity; the ſurface of the 
body is encreaſed by rubbing, the elec- 
trial fluid ruſhes into its pores, and there 
remains 
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remains for ſome time, till the effects of 
the rubbing ceaſes, And as the body; 
which by its dilatation, receives this 
fluid, is, during the time of rubbing; 
continually taking in an overplus; and 
conſtantly, after the rubbing has ceaſed, 
by contracting itſelf, is ſqueezing out what 
remains, a part will be thus forced into 
whatever body comes in contact with it: it 


will, they ſay, be forced into all bodies 


that communicate, except ſuch as have an 
extremely denſe atmoſphere ſutrounding 
them, which like a ſhell defends them from 
the incurſions of this fluid that would thus 
force an entrance. But it is; they add, 
known by experience, that of all ſub- 
ſtances, thoſe which contain light within 
them have the denſeſt atmoſphere; of 
this ſort are glaſs, reſin, diamonds, and 
in ſhort, all highly electrical bodies. 
Bodies like theſe are ever found to reſiſt 

the incurſions of this fluid, except theit 
pores are opened and their atmoſphere 
rarified by rubbing. This denſe atmoſ- 
phere which ſurrounds them effectually, 
prevents the entrance of the fluid by 
| FA 2 | com- 
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communication; - and in like manner; 
when the fluid is introduced by rubbing, 
keeps it a long time ſhut up in the body, 
and prevents it from eſcaping. For this 
reaſon we find electrical ſubſtances 


never receive the fluid by the touch 


alone, but when they have been other- 
wiſe excited, they hold the fluid a longer 
time than n bodies are found 
to * Z 


- SUCH have been the attempts to reduce 
this part of philoſophy into ſyſtem : but 
philoſophers have, in this inſtance, re- 
ſembled architects, who begin to build 
before they have laid in proper materials. 
The experiments on this ſubject, though 
numerous and amazing, have yet pro- 
duced no certain light, to illuſtrate the 
uſes of electricity in the general ſyſtem 
of nature; and even while we build 
one ſyſtem upon the materials already 
procured, new experiments offer, to 
interrupt our progreſs. Mr. Hamilton 
of Dublin, let a ſlender braſs or iron wire 
about five inches long be ſo placed as to 
turn 
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turn upon a point like a mariner's needle, 
or as we ſee a turn-ſtile in the country. 

Let both ends be finely pointed, and half 
an inch at each end be bent in oppoſite 
directions till they are at right angles with 
the reſt of the wire; ſo that it will form 
a figure ſome what reſembling the letter 
Z, or rather this ſhape |, the ends 
pointing neither up nor down, but in a 
plane with the ſurface of the earth, The 
ſtand or point on which this wire is made 
to turn muſt be two or three inches long, 
and muſt have its other end fixed in a 
ſmall block of wood; then let the block 
with the wire be ſet in an elerified 
body, and the wire will turn round with 
great velocity, in a direction contrary 
to that in which the electric fluid 
iſſues from its points. 


Takes are che outlines of the diſ- 
coveries in electricity; a ſubject which 
has of late employed the attention of 
philoſophy, and which is yet but in its 
infant ſtate. Thoſe various appearances 
which it aſſumes, probably ariſe from 


Tx ſome 
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ſome one whe ing cauſe, which is yet un- 
known: that it is of uſe in the ſyſtem of 
nature, muſt be granted, for we find it 
hitherto, either medicinally or mechani- 
cally, of no peculiar benefit to mankind, 
and nature does nothing in vain. But 
what its uſes in nature may be, whether 
it regulates her motions, or puts her into 
motion; whether it vivifies her produc- 
tions, or continues their exiſtence; whe- 
ther it ſupplies animal heat or elementary 
fire, are ſubjects not yet illuſtrated; and 
may perhaps continue unknown while 
man ſees but in part. Some af the con- 
jectures on this ſubject are siven; all 
1 be endleſs. Le 2 
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pillary tubes. 


7E jk hitherto ſeen attend 
to prevail i in every part of nature, 
chat has fallen under our notice; magnets 
to attract bodies at a diſtance without 
rubbing, electric ſubſtances performing 
the ſame effects upon being rubbed: but 
beſides theſe powers in nature of form- 
ing large maſſes by uniting bodies to- 
gether, there i is one of another kind, in 
which bodies that at the leaſt ſenſible 
diſtance have no power of attracting 
each other, yet being touched together 
cloſely join and unite with a kind of 
8 fondneſs. 


WE perceive . bodies when ap- 
plied to each other ſtick cloſely, while 
others, though united never ſo cloſely, or 
never ſo long, cannot be made to adhere 
after the force that kept them together is 
taken away. This power of coheſion, 
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by which bodies are held together, 
has perplexed the philoſophers of every 


age, and every age has attempted the 
ſolution. Some have aſcribed this tena- 
city of bodies, to a kind of hook'd for- 


mation in the atoms that compoſed 5 


them; ſo that two atoms like burs ſtick 
to each other, the hooks in one catching 
thoſe of the other. As this however 
was explaining one difficulty by a ſtill 


greater; Bernouilli aſcribed all coheſion 
to the uniform preſſure of our atmoſ- 
phere. This theory he endeavoured 


to ſupport. by an experiment of two 
poliſhed | marbles, which would co- 
here in the open air, but would drop 


aſunder in vacuo, or a place where the 
air Was exhauſted. But unfortunately 
for him, this fact happens to be falſe. 


Others were for aſcribing coheſion to an 


occult quality in bodies, by which they 


aimed at a ſtate of ' reſt; and others 
again aſſerted, that the attempt at 


motion in all the parts of a body pro- 


_ duced the reſt of all, and thus they hap- 


pened to unite into maſſes of peculiar 
| "7. ſizes 
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ſizes and hardnefs. Such were the former 
weak attempts to ſolve this difficulty. 
Newton however ſaw, with the greateſt 
degree of probability, that this tenacity 
of bodies might be produced by the ſame 
cauſe by which we ſee iron fly to the 
load-ſtone, or ſtraws move to amber; in 
ſhort,” that it was produced by attraction, 
à cauſe unknown to us indeed, but of 
which, in numberleſs inſtances, we ſee 
the effects. The ſurfaces of all bo- 
dies, ſaith he, are unequal, which 
cauſes that they touch only in a 
{ſmall number of points, when placed 
one upon the other. The leſs une- 
qual the ſurfaces of the bodies the 
more they touch, and conſequently the 
more they attract each other. Thus we 
ſee, that thoſe which have the eveneſt 
ſurfaces, have. the greateſt power of 
 coheſionzand if, to render theſe ſur- 
faces ſtill more uniform, the pores be 
filled up with ſome liquid, the power of 
coheſion will be ſtill greater, 


In 
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Ix the ſame manner all ſolid bodies 
wehen brought into contact, as well as 
al liquids whatſoever, adhere to each 
other. Theſe attract ſolid bodies, and 
are mutually attracted by them; from 
whence it appears, that this attracting 
power is diffuſed over all parts of nature, 
at leaſt ſueh as we have hitherto exa- 
mitted, If we apply the ſurfaces of two 
looking glaſſes to each other, being pre- 
viouſly well poliſhed; cleaned and dryed, 
it will be found that they adhere to each 
other with a very ſenſible tenacity. The 
ſame effects will happen in vacuo (or a 
ſpace emptied of its air) as well as in the 
uſual manner. If two leaden balls be cut 
ſo as to have even ſurfaces, and they be 
Preſſed againſt each other with a twiſt, 
it will be ſeen that they adhere with a 
force equal to forty or P24 pounds 
weight. In general, bodies whoſe 
ſurfaces are even will thus flick 


to each 


other, and if a liquid be ſmeared over 
. either ſurface, their coheſion will be fill 
the ger. 


ir 
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Ari is this liquid or thick oil which is 
BO: OvE in the bodies of all plants and 
vegetables that holds their parts together; 
and we are taught by chymiſtry, that if 
this be burned away the reſt will fall into 
aſhes, and without the reſtoration of 
ſome other fluid, the parts cannot again 
be united. The bones of animals alſo, if 
ealcined in ſuch a manner as that all their 
oil ſhould be exhauſted, while their form 
is preſerved, will be found to become 
extremely brittle, but they will in ſome 
meaſure recover their former ſtrength 
if they be dipt in oil. Thus we find 
that ſome bodies are thus perceived to 
cohere, and to be more tenacious than 
others, by means of this fluid, or elſe 
from their internal conformation, by 
which the ſurfaces of every particle of 
matter contained i in them, touch the ſur- 
faces neighbouring particles in 
the gr ft number of . as 


Muſehenbroek has made many experi- 
ments to find the force with which the 
parts of many bodies are found to cohere- 


rn 
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to each other; or in other words, ho-. 
much force is required to pull the parts of 
any body aſunder, drawing them accord- 
ing to the length of their fibres. In theſe 
trials he found that the beech and aſh 
were the tougheſt of all woods; next to 
them the oak, then the linden and alder, 
then the elm, and laſtly the fir; the 
weight required to pull a piece of aſh 
aſunder, being more than double what 
was ſufficient to break the fir. He alfo 
made ſimilar trials on metals; of theſe, 
gold was the moſt tenacious, then 8 
filver, allen: braſs, copper, tin, lead. 


But bodies are fountl to attract each 
other at minute ſenſible diſtances, as well 
as in contact. If we place between two 

glaſs plates, ſuch as thoſe which have 
already been mentioned, à fine ſilł 
{fread, then we may ealihjth 8 nceive 
thoſe two plates will not te ; obs 
they will be ſeparated from 4 ac 1 
by the whole thickneſs of the thread ; 
but however, notwithſtanding this ſe- 
Paration, the two Plates will mutually 

| | attract 
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attract each other, thou gh with leſs force 
than if there were nothing between them. 
Place between the plates two threads of 
the ſame twiſted together, and afterwards. 
three; the glaſſes will ſtill attract, but : 
with leſs force than before. 5 


Ir is ; by. this power, faith Naan: 
that the ſmall particles of bodies act 
one upon another, at ſmall ſenſible diſ- 
tances, and cauſe ſeveral phænomena 
in nature. This opinion has been driven 
as far as it could well bear, by Freind 
and Keil, and been brought to explain 
all the theory of chymiſtry, as well as 
ſome other obvious appearances. Some 
bodies, ſay they, have a greater power 
of attracting certain kindred bodies than 
others. Thus water, in which the gall- 
nut has been diſſolved, attracts the parts 
of iron, and forms the black liquor called 
ink; but if we pour into this ink ſpirits 
of nitre, with which the iron has a 
greater aſfinity, or by which it is more 
ſtrongly attracted, then the iron, before 
diſſolved in the gall water, flies to its 
| more 
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more kindred fluid the ſpirit of nitre, 
and ſinks with it to the bottom of the 
veſſel, leaving the water at top quite : 
clear of any colour, except that given it. 
by the gall-nut originally. If again we 
pour into this compoſition ſpirits of 
vitriol, between which and ſpirits of 
nitre there is the utmoſt affinity, the 
nitre ſpirit immediately quits the iron 
vhich it before united itſelf to, in order 
to join with the more kindred ſpirit of 
vitriol; and the iron, thus let free, is 
once more ſuſpended like a black fluid in 
the gall-water, as before. By this me- 
; thod alſo of reaſoning g, we may account 
for all thoſe changes wrought in the co- 
' lour and taſtes of liquors, upon their be- 
ing mixed with each other. For whether 
they be naturally fluids, or only bodies 
diffolvedor ſuſpended in fluids , the kindred 
bodies fly to their peculiar kindred bodies. 
But if the affinity between the fluids and 
the body ſuſpended, be greater than be- 
tween the particles of the/body itſelf, 
body ſtill remains ſuſpended or diſſolved; 
* = the Parts of the body attract each 
other 
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other with greater force than the liquid 
attracts them, then they begin to 
eryſtalize, or to unite into maſſes of 
ſuch figures as the peculiar kinds of ſalt 
are uſually found to be. Laſtly, when, 
continue our authors, upon the mixture of 
two bodies in the ſame liquor, which are 
both more ſtrongly attracted by each 
other than by the fluid that ſurrounds 
them, they happen to ſtrike againſt each 
other, if they happen to be elaſtic they will 
conſequently be driven back with a degree 
of force almoſt equal to that with which 


855 they have been attracted; and this alter- 
nate attraction and repulſion will preduce 


a fermentation in the whole. In this man- 
ner ſome Engliſh philoſophers have at- 
tempted @o account for many chymical 
phznomena; much has been objected 
againſt their theories, and the truth is, 
when examined cloſely, they have neither 
that preciſion nor perſpicuity which 
ſubjects of this nature require; however, 
this diſquiſition belongs more properly 
to chymiſts than natural Philoſophers, 


and with chem we leave it. | 
Bur 


* 
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Bur to prove the attracting power of 
one body upon another beyond all poſſi 
dility of doubt; if a glaſs bubble be ſet 
to float on water contained in à glaſs 
yeſſel, at a ſmall. diſtance. from one ſide 
of it, though at firſt it appears motionleſs, 
yet after a very mort time, from a ſtate of 
reſt it will begin to move towards the 
ſides of the veſſel, and that with a velo- 
city enereaſing as * approaches the 
4 power attracting, till at laſt, it ſhall 
ſtrike the fide of the veſſel with ſome 
force. This approaching of the drop to 
the ſide of the veſſel is alſo the more re- 
markable, as it in ſome meaſure moves up 
hill, the water in the. glaſs veſſel riſing 
all round the edges, as is obvious to 
FOE, minute 8 experience. 8 0 


To ſhew this attracting power in an 
inſtance or two more. If two poliſhed 
plates of glaſs, ſuch as we have men- 
tioned above, be both placed edgeways i in 
water, their ſurfaces , very near and 
parallel to each other, a {mall part of the 
glaſſes 
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glaſſes being only thus immerſed; the 
water will rife up between them; and the 


leſs the diſtance between the two ſurfaces 
of the glaſſes; the higher will the water 
riſe. If the diſtance between them be 
about the hundredth part of an inch, the 
water will riſe to about an inch; if te 
diſtance mee ee * water n | 

r 8 e 


oh 2 or any « other Quid - except 
re thus aſcends between poliſhed 
plates of glaſs, ſo it does likewiſe in 
ſlender pipes of glaſs open at both ends, 
(commonly called capillary tubes.) Theſe 
capillary tubes of glaſs may be drawn to 
an exceflive fineneſs, much flenderer 
chan tlie fineſt wire of an harpſichord, 
by means of a blow pipe and candle. 
If one of theſe hair-like tubes be dipped 
at one end into water, ſpirit of wine, or 
any other convenient fluid, the liquor 
will riſe to conſiderable heights, the 
narrower the tube the higher the liquor. 
This ſpontaneous elevation of the fluid, 
Vox. I. " 0 which 


ern 
which is in appearance contrary to its 
natural weight, demands our moſt parti- 
cular attention. The body of man may 
be compared to an hydraulic machine, it 
it may be conſidered as a collection of 
tubes with their proper fluids running 
through each. In the almoſt infinite 
number of pipes which thus compoſe the 
human frame, thoſe of the ſmall capillary 
kind, are without doubt the greateſt in 
number; for this reaſon therefore, a 
thorough nn 6; e N 
us the more. 5 

1 ſubject is difficult, and requires 
patience and reviſion; The afcent of the 
fluids, in capillary tubes, has been by the 
beſt philoſophers aſcribed to the power 
of the ſides of the tubes attracting the 
fluid; but there are ſome things which 
embarraſs this opinion, and Doctor Jurin 
Vas the firſt who treated the ſubject with 
much accuracy and preciſion. Before 
the method of explaining this phæno- 
menon was 1 by Newton, ſome 

1 hg | 5 aſcribed 
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aſcribed the riſing of the fluid in the nars 
row tube to the unequal preſſure of the 
_ atmoſphere; the air, ſaid they, is com- 
poſed of parts which ſtick to each other, 
and conſequently cannot enter the narrow 
tube where it is open at the top, there- 
fore not being able to preſs upon the fluid 
within the'tube, as it does upon the fluid 
without, the fluid is puſhed up by the 
external preſſure being greater than the 
internal. This whole hypotheſis is de- 
ſtroyed by a ſingle experiment, for the 
fluid riſes in vacuo, 'where there is no air, 
as well as in the ordinary manner. 


ANorRER ſet of naturaliſts have ima; 
gined, that upon the tube's being im- 
merſed in water, that part of the water 
in immediate contact with the internal 
| ſurface of the tube, loſt its weight downs 
wards by its adherence to the ſides of the 
glaſs; that it was therefore puſhed up- 
ward by that part. of the water immedi- 
ately below it, which coming into the 
prune of the former, loſt its own- weight 
G > in : 
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in:the fame x manner, by adhering to the 
inner ſides of the tube, and that thus ſue- 
ceflive columns of water were forced up 
and ſuſpended.” But if this ſyſtem were 
true, the tube, by being plunged into the 
water in ſuch a manner as would. cauſe 
the fluid to adhere to · it in greateſt quan- 
tity, would be moſt filled with the fluid. 
However, the tube which is but ſlighily 
dipped becomes as well filled as that 
_ which is deeply immerſed in the fluid. 
Theſe ſyſtems being found inadequate to 
the purpoſes of explaining this appear- 
ance, later philoſophers have had recourſe 
to attraction, all agreeing that the fluid 
is uttracted by the tube, hut they differ in 
the part by which the tube attracts. Some 
have ſaid, (ſuch as Hawkſby and Morgan 
that the internal ſurface of the tube at- 
tracts the fluid and cauſes it to riſe, till 
eomes equal to that power, which thus 
lifts it above its level, and then it ſtops 
without riſing. This explication, how- 
ever, is by no means fatisfactory; for, as 
Is $0 23 ö | er 
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we 3 ſaid before, the 3 hi 
the tube and the height to which the 
water riſes are always in the fame pro- 
portion; as for inſtance, if a tube the 
hundredth part of an inch diameter, raiſes 
the water to one inch, 2 tube the fiftieth 
part of an inch will raiſe juſt half an inch 
of water. Now the internal ſurfaces of the 
tubes cannot be the cauſe of the water's 
riſing in either, for in the narrow tube, 
the ſurface applied to raiſe the water, is 

greater than in the wide one; whereas, in 
the latter, the quantity of water raiſed 
is greater; wherefore, if the ſurfaces were 
the cauſe of attraction, the greateſt ſur- 
face would raiſe the greateſt quantity. 


Docronx Fur perceiving the inſuffi- 
ciency of this explication, has given one 
of his own; but firſt, a very remarkable 
experiment is neceſſary towards explain- 
ing it. Dip the tube A B (fig. 5.) of two 
different diameters into water. Though 
a tube of the diameter of the part CB 
could elevate the water only to the point 
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E, yet if it be filled with water up to D, 
this water will not ſink again, but con- 
tinue ſuſpended in the tube as high as if 
it were only of the ſmall diameter of 
the parts A C throughout. By this ex- 
periment it is obvious, that the liquor does 
not remain ſuſpended, by the attracting 
power of the whole internal ſurface, 


ſince here there is no proportion between 


the thing which raiſes, and the thing 
which is raiſed ; the quantity of ſurface 

attracting, being very trifling in this ex- 
periment, and the quantity of water 

raiſed very great. Our judicious philo- 
ſopher, therefore, is of opinion, that as 
the fluid riſes in proportion to the diameter 
of the tube in its upper part, that it is 
attracted by that ring of the internal fur- 
face of the tube, which is touched by the 
upper ſurface of the fluid as it aſcends. 
As this ring is narrow the water riſes 
high, as it is. wide the water ſinks in 
. | 


| Ms. Clairault is ill for abi Ks 
potheſis, and thinks the inferior end of 
N the 
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the tube is the chief elevating power; 
like the former, however, he allows 
attraction to be the cauſe; but ſtill it muſt 
be confeſſed that the laws of this attrac- 
tion, at what diſtance it acts, or how the 
ſame acknowledged force is found to 
_ raiſe, in one inſtance, a large weight of 
water, and in another, is incapable of 
ſupporting. a much leſs, are things not 
yet clearly made out; we know enough 
of the general appearances of capil- 
lary tubes, to aſcribe their power to at- 
traction; ſome exceptions only raiſe 
_ doubts, and teach us to ſuſpend our entire 
aſſent ; only till let us appear ſenſible 
FOR — is better than error. 


| Wnarzyzx be the alta of the aſ- 
cent of fluids in capillary tubes, the ex- 
periment is obvious, and in the explica- 
tion of many parts of nature, we ſhall 
find the doctrine of fluids aſcending in ca- 
Pillary tubes of great utility. The human 
frame, as we have already remarked, is a 

machine compoſed of numberleſs tubes of 
8 4 different 
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different Wan with fluids drou⸗ 
lating through them. Through the 
_ largeſt of theſe, the force of heat, or their 
oven power of contraction, or the im- 
pulſe of the ſueceeding parts of the fluid 
driving on that before it, are the cauſes 
of eirculation z but when the diameters 
of thoſe veſſels become ſo ſmall as to loſe 
all: claſtic contracting power, or when 
they are at too great a diſtance from the 
| heart, which is the propelling power, or 
when placed at ſuch angles that the ſuc- 
ceeding maſs of fluid no longer preſſes 
from behind, it is then that circulation is 
carried on in the ſame manner as fluids 
riſe in capillary tubes, the minute veſſels 
of the body taking the blood and other 
Juices through them, by means of this 
capillary ſuction, if I may ſo call it; and 
then emptying themſelves in "IN larger 
| veſſels again, ; 


In the fame manner, every plant and 
vegetable may be conſidered as a bundle 
| of capillary tubes united, with their ends 

ced in the earth, from whence they 
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*  Imbibe their moiſture; and- if each of 


theſe tubes be conſidered as indefinitelyx 
ſmall, it is apparent that ſuch will raiſe 
the fluids to any indefinite heights, ſo 
that the ſap will riſe by the ſame means 
in the talleſt oak as well as in the lower 
ſhrub, But it may be aſked, how. 
ſome vegetables extract one kind of ſap 
from the earth, and others a ſap every 
way different? In anſwer to this it may 
be obſerved, that glaſs capillary tubes of 
all other fluids are found to raiſe water 
to the greateſt height; now if we ſup- 
poſe every vegetable like the glaſs tube, 
thus endued with a property of raiſing 
ſome particular fluids to greater heights 
than others, we may, with equal pro- 
priety, ſuppoſe that ſome vegetables are 
fo formed, as to raiſe only fluids of one 
particular kind, and that this is the cauſe 
of that variety * is r in cheir 
An 


5 | Tar Merry of capillary tubes has alſo 
been brought to explain the aſcent of 
1 
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7 liquors i in a ſponge, in a loaf of Fry 
the under ſurface of which is placed in 
Water, and ſuch like ſubſtances, which 
being porous, may be conſidered as com- 
poſed of a number of little canals or 
tubes, each of which acts in the manner 
already explained. . Perhaps this doctrine 
may alſo be of uſe in explaining the 
origin of fountains, the waters of which 
are thus imbibed by the earth, and riſe 
through its ſubſtance till they come to its 
ſurface, to ſupply the neceſſities of man, 
or to adorn his habitations. As the earth 
may be thus conſidered acting like a 
ſponge upon the waters placed below its 
ſurface, fo the air has been compared to 
a ſponge raiſing waters to-great heights 
above its ſurface. This has been aſſigned 
as the cauſe of vapours, clouds, and ex- 
| halations. A ſponge or capillary tube, 
when filled with its fluid, eontinues to 
attract no longer; in the ſame manner 
the air, when charged with rain, has no 
power of abſorbing moiſture, but con- 
tinues Os charged * the cold condenſ- 
ing 
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| ing, it acts upon it like preſſure upon | 
a ſponge, and thus 3 it to fall in 


"I rain. 


= Wæ could adapt this theory to the 
: explanation of ſeveral other phænomena 
not yet well underſtood, but we would F 
not embarraſs the learner, in his very 
| i entrance upon this pleaſing ſtudy, with 
_ unſupported conjectures. They who can 
vreſt fuch experiments as theſe to ex- 
3 plain all that they ſee, would, with 
equal eaſe, have explained appearances 
of a contrary kind, upon the very ſame 
principles; the cauſes of meteors are as 
yet but little underſtood, and in fact, for 
many years paſt, have been "Mp ue 
ſought after. 
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07 the Attraction of og. 


E have hitherto ſeen an attrac- 


manner between electric and non- electric 
ſubſtances; ; it has been found exiſting ſtill 
more generally in almoſt every body that 
can be ſubjected to experiment, operating 
moſt ſtrongly in coheſion, and loſing its 
force in proportion as the two bodies un- 
der experiment were removed from each 
other. If now, therefore, we would de- 
ſire to enquire into the reaſon chat all bo- 
dies continually fall to the ſurface of the 
earth, would we aſk the cauſe that impells 
them rather downwards than upwards, 
the anſwer will be obvious, namely, 
attraction. The ſame ſecret cauſe that 
impells iron to the load-ſtone, or motes 
to amber, influences all bodies on the 
ſurface of the earth to fly to it. It is a 
rule adopted by philoſophers and con- 
firmed 


tion prevail at ſenſible diſtances 
between iron and the load-ſtone; we 
have ſeen it prevail j in a more general 
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Experimental Philoſoply. 9 
firmed: by common ſenſe, that more 
cauſes than one are not to be aſſigned for 
ſimilar effects; here we ſee nature ope- 
rating in many inſtances entirely like her 
operations in others, and therefore 

muſt account for her operations by the 


ſame rule in both caſes. . Let us, theres A 


fore, for a moment, conſider the earth at 
one great attracting body, drawing like a 
magnet every thing to its ſurface; a tone 
when forced up into the air, y the 
ftrength - of the ſlinger's arm, comes 
down again by the earth's attracting 
power; a cannon ball ſhot upwards, 
is brought back by the earth's.influence; 
with almoſt equal velocity. Let us ſuppaſe, 
I fay again, that the earth acts upon theſe 
bodies in a manner, ſimilar to that with 
which amber acts upon firaws, or a mags 
net acts upon iron. Let us be allowed 
this for a ſhort time, and it will ſoon 
receive almoſt inconteſtible cvalence from 
= of reaſons. 588 5 


rr, 


To have an idea of this, my 1 
| by ronfdering by what lawsthe attractive 


1 


, 


4 sun ver. * 


power of the globe, which we iababit, : 


may be (ſuppoſed to be, and in fact is 


I regulated. Let us then, firſt, conceive 
our earth as a great ſphere or ball, and 


its attracting power as iſſuing forth from 
all parts of it in ſtraight lines, as rays 
do from the ſun, as heat from fire, or 


mmells from a perfume; in ſhort, diffuſed 


every way in right lines from the center 
of the globe under conſideration. This 
being conceived, it is obvious, the force 
by which any body on its ſurface is at- 
tracted, will be greater or leſs in propor- 
tion to the quantity of the attracting rays; 
but all rays iſſuing from a center, recede 
from each other, as the ſquare of their diſ- 
tance from that center encreaſes; that is, 
a body at twice the diſtance of another 
body, will be attracted only by a fourth 
part of the rays that attract the latter, at 


tmrice the diſtance, with only a ninth part, 


at four times the diſtance, with only a ſix- 


teenth, and ſo on. Thus if I deſire to 
know how much a body, which atone ſemi- 
diameter of the earth's diſtance weighs 

or e four pound, will weighat two 


ſemi- 


Biperimental Philo Jophy.. 9 5 7 
| ſemi-diameters diſtance; I take the i in- 
creaſed diſtance two, and ſquare i it, that is, 
multiply the number by itſelf, thus, twice 
two is four, and then ſay, as this ſquared · 
diſtance is encreaſed, ſo much is the 
gravity or the weight of the body dimi- 
 niſhed; that is, the body weighs four times 
leſs than it did at firſt, vis. one pound. 
Now ſhould it be aſked how much this 
ſame body will weigh, at three ſefffi-dia- 
metels diſtance, I again take this diſtance 
three, and ſquare it, which is nine, and 
then ſay, that the body only now weighs a 
ninth part of its original weight; that is, 
ſix ounces, or thereabouts. In ſhort, to ſay 
all this in different words, the force of 
gravity increaſes in a duplicate proportion 
as It — the TY Power. 5 


AL bodies upon this earth tend to 
it in a line perpendicular to its ſurface ; 
the lighteſt will fall, if unſupported by 
ſome ſurrounding fluid, ſuch as air or 
water, as well as the heavieſt. The 
ſmoke of a candle which aſcends in 


the 


: If we drop a piece of gold and a feather 


95 48 Iv ! „ 


; the air pump, before the air is ended, | 


yet upon a vacuum being made, will fall 
down plumb to the bottom of the receiver. 


from the top of an exhauſted receiver, 
they will both fall to the bottom at the 
ſame time; by which it appears that a 


than another, yet is attracted with equal 
_ eaſe and celerity. The force, therefore, 
which: has cauſed the heavy badly to 


deſcend; has acted upon it | with ten 


thouſand times the degree of power 


which has been applied to move the 


lighter, 3 inthe ſame manner, as it requires 


ten times more ſtrength in me to lift ten 


books than one, Gravity, therefore, 


acting in proportion to the quantity of 


matter in all bodies, and the earth, 


which is almoſt infinitely greater than all 


other bodies on its ſurface, acting with a 


comparatively infinite force, muſt attract 
all to itſelf, with almoſt an infinite 4 


wy of riots: 


body, which is ten thouſand times heavier 
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Experimental  Philofophy. 97 + 
Bur although theſe be the laws by 
which gravity acts, at conſiderable diſ- 
tances from the center of the earth, yet 


we cannot pretend to aſcertain them by 


experiment; the difference, perceivable 


by us at the ſurface, is ſo ſmall, that it 
ſcarce makes any alteration i in the deſcent 


of bodies. We, on the ſurface, are diſ- 
tant from the center of the earth, near 
nur thouſand miles, and at the height of 


ond. mile, our diſtance will be four thou- 


ſand and one miles; now ſhould we re- 
gulate the difference of gravity by the 


ſquares of theſe numbers, they at the 


ſurface will find their gravity to be about 
ſixteen thouſand, and they a mile higher 
ſixteen thouſand and eight, a difference 


too ſmall to be ee by our ſenſes, 


"Bux cha this Kferenes is not per- 
ceivable by us, in the deſcent, of bodies 
at the ſurface of the earth, yet when we 
aſcend to the heavenly bodies, particu- 
larly to the moon, which we know by 
the means. of the teleſcope, to be nearer 

Vor. I 5 H the 
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the earth than any of the reſt, we ſhall find 2 
| theſe laws of attraction to guide it in all 
its motions. We ſhall find that all the pla- 
nets turn round the ſun, which is infi- 
nitely larger than themfelves; by the 
ſame law, we ſhall ſee thoſe. ſmaller 
planets, which are the attendants upon 
other planets, guided by the laws of gra- 

vity; if we meaſure their diſtances from 
ther, and the times of their tre; 


each o 
velling round their reſpective centery., of 

| revolution, we {hall find all concur in 
proving that the larger bodies attract the 
ſmaller, in proportion to the difference of 
their quantities of matter, and that they 
are attracted the nearer they approach, 
with a force increaſing, as the diſtance 
ſquared decreaſes. If this be true, and 
it will ſhortly appear that it is, the deſcent 
of bodies to the ſurface of the earth, re- 
ceives a new proof of its ariſing from 
that power we call attraction. For if we 
find this attraction to prevail amongſt all 
bodies in the heavens, as upon all on 
the earth, it would be bad philoſophy 


to 
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xþerimental Philoply. 99 
to a that in the ſingle inſtance of a 


body's falling to the ſurface of the earth, 
nature acted upon different principles, 


ſince natural effects of the ſame kind 


muſt be allowed to proceed from the 
fame cauſes, If I ſee a ſtone gravitate 
here, and another gravitate or fall in 
America, I allow the fall in both to pro- 
ceed from the ſame cauſe. But if I ſee 
the moon gravitate towards the earth, 
(as will ſhortly be ſeen ſhe does) if I 
ſee the earth gravitate towards the ſun, 


if I ſee his attendant planets gravitate 


towards Jupiter, if I ſee motes gravitate 
to amber, and iron to the magnet, it 


would be abſurd not to grant that the 


ſame cauſe which makes all theſe gravitate 
or fall towards each other, makes alſo a 
ſtone gravitate or fall towards the earth ; 


nature acts ſimply, and we ſhould reaſon 


with a ſimplicity conformable to her 
operations. 


100 A Surv) f 

" cH A P. vi. 
o the teuer of Ateraflio m | Celeftial 
| Bodies. 5 | 


of all the celeſtial bodies of our ſyſtem ; 


an aſſertion which requires to be proved. 


However, as it is a ſubje& which belongs 


rather to aſtronomy than natural philoſo- 


phy, we muſt explain it with the utmoſt 
brevity. To enquire whether it be the 
fame principle which guides the moon 


in her orbit, and makes an heavy body 
fall towards the ſurface of the earth, and 


whether they be moved by the fame 
laws, it 1s firſt neceſſary to examine 
what ſpace a body falling to the earth, 
would move through in one minute, and 


what ſpace the moon, which is ſixty ſemi- 
diameters of the earth diſtant, would 
move through in the ſame time; and it 


they are both found regulated in ſimilar 

proportions, they may both be aſſerted 

to ariſe from one ſimilar cauſe. 
Newton, 


E tag! that the Jaws of iravity : 
| prevailed i in guiding the motions 
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| Newton, the great inventor of the ſyſ- 
tem, ſet himſelf diligently to meaſure 


both. He was taught that a body falling 
to the ſurface of the earth, ran through 


ſixteen feet in a ſecond, for this experi- 
ment had been made with exactneſs by 


Galileo before him, But in meaſuring 1 the 
motion of the moon he had more trouble, 


for it was firſt neceſſary to know her pre- 


ciſe diſtance from the earth, and to attain a 
knowledge of this, it was requiſite to 


have the exact meaſure of our globe. In 


this he was led aſtray, for from wrong 
meaſures the geographers of that time 
were taught to reckon but ſixty miles to a 


degree, whereas they ſhould have reckon= 


ed ſeventy ; ; theſe erroneous calculations 


therefore, were found by. Newton utterly 
2 repugnant. to his ſyſtem, and he was wil- 
ling to abandon his theory for a while, 


rather than force nature to conform to it. 


However, the true meaſure of a degree 


being ſome time after found out,  Newtan 
again reſumed his calculations, and found 


them all agreeing with the utmoſt exact- 


3 nels | 


zoo 4 Svnvey ef 


' neſs to che appearances of nature. The 
moon is ſixty ſemi-diameters of the earth 


diſtant from us; now 1t is known by 
computation, that if the moon fell per- 
pendicularly towards the earth, inſtead 
of being puſhed round in a circle, it 
would at its preſent diſtance begin to fall 
at the rate of ſixteen feet and an half in a 
minute. But in going through this ſpace, 
it moves nearly thirty times flower than 
3 body falling at the ſurface of the earth 


is found to do, which moves ſixteen feet 


and an half 1 in a ſecond, . The moon, 


therefore, falling at its preſent diſtance, 


and the body falling at the ſurface of the 
earth, fall by the ſame law, for the 
ſquare of the moon's diſtance will be 


found exactly in proportion to the dimi- 
niſhed force of its attraction. If the ſtone, 


which falls ſo ſwiftly at the earth's ſurface, 


were carried up as high as the moon, it 
would take half a minute in falling ſix- 
teen feet and an half, as the moon is now 


Foun t to do, 
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Experimental Philoſophy. 103 
* TRIS law of attraction which prevails 
between the earth and the moon, may be 
extended to all the other planets, and it 
will be found to explain their motions 
with equal preciſion. We ſhall find that 
the attendant planets are attracted to- 
wards their primary planets, and that 
they, earth and all are attracted towards 
the ſun by a force increaſing as the diſ- 
tance * decreaſes. Ab: 


Bur it will be ſaid, that we talk of 
the moon's being attracted or drawn 
towards the earth, and the planets to- 
wards the ſun, when in fact they only 
move round them in circles. If the earth 
or the ſun, it may be aſked, attract the 
celeſtial bodies towards themſelves, why 
do they not fall upon their ſurfaces, as 
we ſee heavy bodies fall to the ſurface of 
the earth? To anſwer this, we muſt ob- 
ſerve, that the great Creator of all things, 
when he firſt formed the univerſe, per- 
mitted all bodies that compoſe our ſyſtem 
to be actuated by two different powers. 
H 4 One, 


„ eee e 


One, that inert force in matter, by 
which, when once moved, it would con- 


tinue to go on in a ſtraight line for ever, 
if not turned out of its way by ſome 


obſtacle; the other, this power of attrac- 


tion, by which every body tends towards 


ſome other. Now then, let us for a 


moment imagine that in the forming our 


ſyſtem, the ſun was firſt made and placed 
in the center; after this, let us ſuppoſe 
that the mighty Architect took this ball 


of earth and puſhed it from him in a 
right-lined direction. It is obvious, that 


by its .own inert force it would go 


ever ſtraight forward into endleſs ſpace, 
if nothing hindered ; but while its im- 
preſſed force drives it forward, the attrac- 


tion it feels from the ſun draws it with 


an equal degree of force inwards; and 
between thoſe two oppoſite forces it is 


found to go wholly in neither, but as a 


None whirled by a fling it deſcribes a 
circle round the ſun. That force by 
which a body endeavours to recede 


from the center of its motion, is called 


3 
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the centrifugal force, that by which 


it tends towards the center is called 
the centripetal force ; they both go by 


one common appellation, namely, that 


of central forces, which, if we would 


have a more preciſe idea of the manner 
in which the planets revolve about 
the ſun, muſt be examined more mi- 


wre. 


_— | _ SUR v „ 


"CHAP. vu. 


of Central Forces, as far as "_y tend 
to explain the Univer ſar Sem. 


Os E have often had occaſion to in- 
| culcate, that matter is of itſelf 
—ů * paſlive, incapable | of moving 
itſelf, or ſtopping its own motion ; a ball 
- thrown by the hand would continue to go 
on forever, did not the force of attraction, 
or the reſiſtance of the air, at laſt deſtroy 
the motion it received from the flinger's 
arm. Matter, in ſhort, follows whatever 
direction is impreſſed upon it, and is af- 
| fected by every impulſe in its way. As 
it is incapable of moving itſelf, ſo it is 
incapable of changing the direction of its 
own motion, that is, it muſt move forward 

in a ftraight line in the direction it firſt 

received. If then at any time we ſee a 
body moving in a circle, or any curve 
whatever, we conclude that it muſt 
be ated upon by two powers at leaſt, 
one to put it into motion, and the other 
| | to 
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to draw it out of its rectilinear direction, 
in which it would have moved on for ever. 
Let us therefore conſider the direction 


a moving body will receive, that is put 


into motion by two powers at the ſame 


time. Suppoſe, for ipſtance, a boat 
(ſee fig. 6.) is drawn up the ſtream of a 


river, by two men on oppoſite banks 


and with equal force on both ſides ; it is 


| evident it would follow the direction of 


neither entirely, but go in a line be- 
tween both, exactly in the middle of che 
fream. | 


To. carry this. yet ler ſuppoſe 
a ſhip at A (ſee fig. 7.) driven by the 
wind, in the direction of the line AB, 
with ſuch a force as would carry it to B in 
a minute. Then ſuppoſe a current driving 
this ſhip, at the ſame time, in the direc- 


tion A D, with an equal force. By theſe 


two forces acting together at right an- 
gles, the ſhip will go in neither direction, 
but deſcribe the longer line AE C, 
ruin from corner to corner in a 

| minute; 


108 27 0 r * 


minute; or in other words, it will deſcribe 


me diagonal of a . 


17 theſe Sou Niki inſtead of acting 
upon the body A (fig: 8.) at right angles, 
act in more conſpiring directions, one 
having a'tendency to drive it through the 

ſpace AB, at the ſame time that the 

Other has a tendency to move it through 
an equal ſpace AD, it will then deſcribe 


the diagonal AG C, in the ſame time 


that either of the ſingle forces would 


have cauſed it to deſcribe its reſpective | 
ſide; and this, it muſt be obſerved, is a 


greater ſpace than if the forces had ated 
upon it at right angles. Univerſally there- 
fore, the more conſpiring the united forces 


that drive a body forward are, the greater | 


ks the Abe body will deſcribe, 


Fad 


In a manner Gillis to this, bodies 


revolving round a center, are attracted by 


two powers. If a leaden bullet, fixed to 


the end of a ſtring, be ſuſpended upon a 


pin, and then receive a blow from a 
battledore or other inſtrument, it will 
thereby 
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thereby deſcribe a circle about the central 
pin, and while its circular motion con- 
tinues, it will endeavour to fly off from 
the center; and in fact, if the ſtring. 


which holds it to. the pin, happened to 
break, we ſhould ſee the bullet fly off, 
and hit the wall, cieling, or ſome other. 
part of the room; but it is held by the 


ſtring, with a A equal to that by 


which it is drawn away; theſe forces, I 
fay, are equal, for if one prevailed, the 
body would circulate no longer. Now tho 


primary puſh, if I may fo call it, which 


a planet has firſt received, reſembles the 
blow given to the bullet; while the 


attraction, which draws it to the ſun, 


the center of its motion, may be com- 


: pared to the ine 


Now let us find out the manner of com- 
paring the forces of two planets revolving 
in circles, and this will lead us to greater 


Preciſion. As the planet, by the two 


forces, revolves in a circle, and as all 


motion is naturally rectilinear, as we 


proved above, we muſt conſider the cir- 
h * 
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de, thus deſcribed, as a ſucceſſion of ri {ht 
lines infinitely little; and ſuch, in fact, 
are all the circles that we find in nature, 
Now the body which thus moves in a 
ſutceſſion of right lines, would continue 
to go on in one of them, as in (fig. 9.) 
AB CD, if not continually forced down 
by the power which draws it to the 
center D. Inſtead, therefore, of a cirele, 
let us ſuppoſe the bo y to move in a 
polygon, or a figure compoſed of a 
number of angles, which obſtruet its 
motion as it revolves. Now it is evident, 
that the force with which the body moves 
along one of thoſe ſmall right lines, will 
be great in proportion as the quantity of 
matter it contains, and the ſwiftneſs with 
which it moves are great. And it is alſo 
evident, that thè angular obſtructions its 
force ſurmounts in a certain time, will be 
numerous, in proportion as its ſwiftneſs is 
great, and the circle, in which it moves, 
is fmall. In general, therefore, the 
body's central force will be great in pro- 
en to its n of matter, to its 
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ſwiftneſs, or to the quantity of angles 
ſurmounted in a certain time, and to 
the ſmallneſs of the circle in which 
it moves. In other words, we may 
eſtimate the central force of any body, 
by multiplying the quantity of 1 
by the ſwiftneſs multiplied by it- 
ſelf, and by dividing the product by 
the ſemi-diameter of the circle de- 
ſcribed. 


To illuftrate this by an example: ſup- 
. poſe I want to compare the central forces 
of two bodies of different magnitudes, 
different velocities, and moving inunequal 
circles. The firſt body weighs 2, has 
ſwiftneſs as 2, and moves in a circle, 
the ſemi-diameter of which is 2. The 
ſecond body weighs 3, with a ſwiftneſs 
equal to 3, with a ſemi- diameter of 3. I 
take the ſwiftneſs of the firſt body, and 
multiply it by itſelf thus, twice two is 
four. Then I multiply this by the 
weight 2, and the produce is 8, this I 
divide by the ſemi-diameter 2, which 


gives 


0. .- df Svuryz 1 of 
gives 4. | What has been done to aha 
firſt body muſt be done to the ſecond, and 
the reſult will be 9, and as 4 is to 9, the 
central force of one body will be to 
the central force of the other. 


5 Tears being underſtood, if we apply this 


rule carefully we ſhall find, 1. that if two 
bodies of equal weight deſcribe unequal 
circles in equal times, the central force 
will be greateſt in that which deſcribes a 
circle of the greateſt diameter; and of 
conſequence, if the central forces of two 
bodies, which deſcribe unequal circles, are 
in proportion to their diameters, the two 
bodies will revolve in equal times. 


2. Ir two bodies deſcribe unequal cir- 
cles, their central forces will be directly 


as the ſquares of the velocities, and in- 


verſely as their diameters. From whence 
it follows, that if the velocities are equal, 


4 then the central forces will be inverſely 


as the diameters alone; but if the dia- 
meters are equal, and the velocities un- 
1 L JS equal, 


* 
«ff, <. 
* 
1 
"6 
to... 
Ah 
wy 
8. 
th 0 
N 
1 
2 
a. 
27 
” % 
> h 
" is 
* - 
AS 
8 
1 
4 5 
vor. 
"= 
"20 
wy 
do's 
5 
Tl.” 
oe 
3 
0 
5 7 
1 
3 
1 
* 
— 
v5 
rs 
* 
rh 
{- 0 
% 
3 
3 5 
= 
ty 
1 2 
* 
2 
; 
„ 
ky 
= 
* 
7 
7 
a 
py 
* 
by 
4 
oF 
1 
(| 


. 777 . OE FFC A . ET - FE. . d n . ö ; 
COSTING 8 . e 7 5 Xe . * r 0 S r e „ c AED EO TIS { ; c þ 
Calne? 7 » Fo WY. P n DO BEL n r 2 4 N . dS Sg Int > IK 2 5 — 7 . 3 
8 5 4 * . N n 22 . A 5 : 2 3 r 2 ENT 2 5 6 WAG Lo he TEEN * 
* ts Fat : F 0 n . — 1 ; L et - 6 — = 


conſiders, he will find in this caſe the 
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equal, the central forces will be as the 


ſquares of the velocities alone. And if 


the central forces of two bodies, which 


move in unequal cireles, are equal, their 


diameters will then be as the TOE of 
the velocities. 55 


3. Ir two bodies moving in unequal 
circles have equal central forces, the time 
employed in deſcribing the greateſt circle, 


will be to the time employed in de- 
ſcribing the leaſt, in the ſame proportion | 


as the cube of the greateſt diameter, is to 
the cube of the leſs. But if the reader 


times and the velocities the ſame; but 


wie obſerved before, that the diameters are 
as the ſquares of the velocities, therefore 


the diameters here are as the ſquares of 
the times. 


FROM hence i it FR lO that in com- 
paring the motions of the planets, and 
their diſtances from the center of- their 


? motions, this law hag been eſtabliſhed, 
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e of two planets, are as the cubes 
of their diſtances rom the een, round 
Yn ory mote. [55 
1 10 8 21 | 
=. Tars Hier bs of infinite alt to ee 
mieers; for if they know the periodical 
= | G6: ithas? is, the time of the circular 
revolution, of two planets, and the diſ- 
tance of one of them from the center, 
they can by this ſind out the diſtance of the 
1 other, which before was not known. For 
= Inſtance, we know the periodical time of 
= the moon to be 27 days, and the peri- 
RE _ odical time of the earth to be 365 days. 
The diſtance of the moon from the center 
3 of its motion we alſo know to be 60 
1 ſemi⸗-diameters of the earth. Now I deſire 
* do know the diſtance of the earth from the 
1 center of its motion, namely, the ſun? 
I know by my rule, that the proportion of 
al be quares of the periodical times, will 
| give th Proportion of the cubes of the 
Then F find out the ſquares 


=... of the pajodica times of the two planets. 
WE. 2 % 85 : b „ . iy 8 4 | * 7 os The 


* 
# 


and the ſquare 13322 5. Then I find the 
_ diſtance of the planet, already knowny 
| 66, and cube it, which makes 216000, 
Now by a rule in arithmetic, I find out & 
certain number which will bear the ſame 
proportion ts this, that the ſquares 72 9s 
and 13322 5 bear to each other; that 


proportional number is 394603 36, and 
the cube root of this laſt number, whick 


1s 340, will expreſs the diſtance of the 


tun from the earth, which was what TI 
Wanted to know, ſo that the earth is 
ant from the ſun, 349 of its 998 


emi-diameters, 12. 


1 Tris ani f ck Unbhy r Mu in 


aſtronomy, was found out by Kepler, 


dut far from being able to give the cauſe 


fit, which the reader has already, cen 
as we have taken it from Neurol ; and 
the Marquis de  Hopital. Kepler ſuppoſed 


the. perioiica time'of the moon is 475 
and the ſquare of that number 7293 
che periodical time of the earth is 36 57 


W the ſun was Ju of a kind of 


ras eb IS: vege- 


116 


4 8 91 SL #* 


vegetating ſoul, and that turning round 
itſelf ' it attracted the planets, and 
that the planets would actually fall 
upon its ſurface, but that by turning 

upon their own centers, (as we ſee a 
top) they by this means. reſiſted the ſun's 
attfactin g power. 


8 In x laws we have hitherto laid down 
ſuppoſe that all the planets move 1n cir- 
cles; but in truth this 1s not the caſe, for 
while they are attracted by the bodies 
. reſpectively in their centers, at the ſame 
time they are in a leſſer proportion at- 
tracted by each other. For this reaſon 
they do not move in circular orbits, but 
in ſuch as are elliptical, of the figure A in 


the plate, the diameter of which is 


: ** one way than another. (Fi Ig. 10, 


By this we ſee, that though the uni- 
verſe may be reſembled to a nice ma- 


chine 


in which all parts are wiſely 


adjuſted, yet the conſtant and paternal 


inſpection of the er Architect is ever 


requiſite, 


Experimental Philoſophy. 117 
requiſite, his regulating hand is always 
over all his works, and ſhould he leave 
them but for a time, their order and re- 
gularity would be at an end. The 
planets would neceſſarily diſturb each 
others motions, and when ſeveral of 
them came to the ſame quarter of the 
heavens, they would attract the ſun with 
united influence, and perhaps at once 
deſtroy the common regulator of their 
motions. In this manner the uniformity 
of nature would be deſtroyed, and as it 
could never repair its own breaches, the 
whole ſyſtem would run into endleſs 
confuſion, Of this diſturbance we had a 
remarkable inſtance in the comet which 
lately appeared; which, in receding from 
the ſun, went ſo near the planet Jupiter, 
as to be greatly affected by its attraction, 
But a ſolicitude for the diſarrangement of 
the univerſe, belongs only to him who i is 


. above all concern. 1 
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XPERIMENTAL Philoſophy is 
not, at firſt ſight, fo pleaſing as 
that amuſing ſcience which is formed 
85 upon conjecture; but it improves as it 

proceeds, and the mind, by firſt more 

painfully meaſuring the effects of b ies 
| each NN at laſt comes to arrive 


* 


means 2 the attraQtion of bodies upon 
"each other, all nature ſeems to put on 
uniformity; but this power makes the 

5 heavenly bodies not only move in circles 
| round a diſtant center, but alſo regulates 
the m_ of the earth, upon Welt - | For 


motions, as we ſce ſometimes when boyd 
ping a top, which, while it is ſpin- 
ning upon itſelf, is at the ſame time go- 
ing round a circle chalked on the floor. 
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Tus motion which the earth has 
upon itſelf, is that which cauſes day and 
night, as either fide is turned toward; off 
from the ſun. Now while the earth is! 
thus whirling round, that part upon its 
ſurface will have the greateſt ſwiftneſs,! 
Which is moſt diſtant frm: Ns center of, 
motion. As for example, a bod Placed 
upon the eircumference of a chariot; 
Wheel, while, it is turning, will have 
twenty times the motion of a body placed 
upon the nave. A body, if placed upon 
the equator of the earth, is like this body 
at the circumference of the wheel, while 
another at either of the poles, is like one 
placed upon the nave. Now this body 
placed at the equator, it is evident, would 
- off, by reaſon of the earth's centrifugal 

rce, with great velocity, were it not held 
"16 the earth by the infinitely ſtronger . 
power of attraction. However, though it 
ſtill holds to the earth by its gravity, yet 


py its centrifugal force, it in fact loſes a 
part of its tendency to the earth, and is 
Gmigiſhed therefore in a part of ita 
G 5 1 3 weight. 


HB 


* 


mo A Sr oft 


weight. Thus if weighed at the equator, 


i à body is ſenſibly lighter than the ſame 
when weighed at either of the poles, and 


this hasoften been meaſured, by the means 
of pendulums, in a method which ſhall 
hereafter be ſeen. 'Let it ſuffice here to 


obſerve,” that a body, which at Paris 


would weigh two hundred and twenty 


pounds, would at the equator only wei ich 
| 1 hundred and nineteen. Hrs TO 


e le the difference of revity on 
different parts of our globe; from whence 


it appears, that bodies placed at the 
equator, have a greater tendency to fly 


off from the ſurface of the earth, than 


ſuch as are placed at either of the poles. 
Now, if inſtead of bodies flying off at 
the ſurface of the earth, we ſhould ſup- 


Poſe the parts of the earth itſelf were 


moveable among each other, and the 
whole, for inftance, compoſed of a great 
heap of running ſand; then it is obvious, 
that while the earth turned round its axis, 


| = ow * * moſt to fly off 


here 
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where the motion was greateſt ; ; it would 


ſwell under the equator, for the greateſt 


quantity of materials would run to 


1 N 


that Part. 


en is ſaid here of the earth's fwel- 


kid at the equator, is actually found to 


be true; for though we often call it a 
globe, yet it is by no means perfectly 
round, but widened out at the equator, 
and flatted at both poles, like a turnip; 
or, if the learner is fonder of a hard 


name, its figure may be called an oblate 


ſpheroid. Aſtronomers and natural phi- 
loſophers had long been of a different 


opinion with regard to the figure of the 


earth; the French and Italian geogra- 
phers univerſally conſidered it as a ſphe- 

riod rather lengthened than flatted, 
rather like an egg, than the figure men- 
tioned before. Huygens and Neuron 
however, perſiſted in affirming the con- 
trary. The diſpute continued long, but 
| was at length determined, highly to the 
honour of the latter; ſeveral members 


of 


a 


tertmining the figure o! ? 
-. concurred in affirming with 


n a ” Sn 9 


* 


Newts 


* 


an acc 


an oblate (| ſphe heroid, , yet 
- _ ſervations have. ind 8 


ipal reaſon upon which this 
nded, is * ee 1 


5, was ; Found to ditker 

* e in France in e 
tude, 70 French toiſes. Cou 723 8 
. ; certain that the eee of theſe CE 
two different meridians ' were ma 
without error, this would, undoubted 
den demonſtrative 
larity of che earth's figure. But an error 


= 


= 


% 


now complained of; and where is the ob» 

ſervator that can anſwer for two ſeconds? 
Ihe opinion therefore, of the earth's ob- 

late figure ſtill remains uppermoſt, yet no 
with r entire conviction, as before his 


proof of the irregu- en 
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c H A P. x. 


of the ine of Bodies to the Surface 
of the Earth, 


8 Hus far we have ſhewn the ge- 
. _neral cauſe why bodies fall to the 
earth, and proved that the force of gra- 
vity which draws them down becomes 
leſs, as the diſtance, when ſquared, be- 
comes greater: That a body, which at 
one ſemi- diameter of the earth, weighs 
one pound, will have four times leſs 
weight at two ſemi-diameters, and nine 
times leſs at three. This difference in 
weight, we ſaid, might be ſenſible at 
great diſtances, but not at any diſtance 
we can remove from the earth's ſurface; 
for though we could remove a mile above 
the earth, and weigh a body there, yet 
this encreaſed diſtance would take but 
little from its gravity, for a body on the 
ſurface of the earth, is already removed 
four thouſand miles from the center of 
the earth, by which it is attracted ; and 
removing 


5 
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removing it one mile more will be but 
making a decreaſe of one mile's attraction: 
from four thouſand, a difference too mi- 
nute for ſenſe to diſcern. - This decreaſe 
of gravity, therefore, as we remove from 
the earth, is only an object of the imagi- 
nation, or if we have any ſenſible proofs, 
they are obtained by Fr the heu- 
vealy bodies around Ws 


"I" ſuffices us thanks; to know that 
bodies, though to ſenſe they have not more 
_ gravity in the loweſt pit than upon the 
higheſt mountain, in general fall by that 
power. But the cauſe why bodies fall 
with greater force as they fall from 
higher places, which we ſhall now ſee to 
be another law of falling bodies, is 
founded upon quite other principles, 
_ diſcovered long before the principle ya 

| gravity was thought —_ 


1 moſt unlettered ruſtic is ſenſible, 

that the fall of a ſtone is to be dreaded 

in n to the hei ght from hence 
. it 


that it ae 
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FE tho third Waren. the TOR 


_ ceives alſo + ner by one which — it; 
5 ſo that v we: may ” lian every body fall 
ing, to receive a new impreſſion every 
moment of the fall, and that the velocity 
eee as the 1 moments increaſe. 


2 


a 3 butler 
dropped from the tower of Weſtminſter 
Abby, and that in the time of one ſecond 


it fally the ſpace of one pole (ſixteen 


feet and an half,) its velocity is ſtill in- 
creaſing; at the end of this fall it will 
have acquired as much ſwiftneſf as in the 
next ſecond would have carried it two 
poles, or double the former, although 
no new impreſſion from gravity were 
added; but a new. impreſſion. being 
added, will make it fall, through three 
oles. As the velocity is increaſed to- 


Harde the end of every fall, in the 
beginning of the third ſecond, it will 
have acquired as much velocity as would 5 


have. carried it ho four pole „and 
the 


- the ie impreſſion from rity. 
being added, will make the body fall 
: ough A ſpace. of five poles. At the 


N * 


beginning of the fourth ſecond, it will 
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have acquired as much velocity as would 


have carried it through a ſpace of fix 
poles, and one, which is the uniform im- 
ped, being added, wilt make the body 


all through a ſpace of ſeven poles. At 


the beginning of the fifth ſecond, it will 
have as -much velocity. as would have 
carried it through eight poles, and the 


new impreſſion being added, will make 


it fall through nine poles... , Thus i in the 


firſt ſecond, it will fall through. I pole, I 


in the next 3 in che third S. in the 


fourth 7 7, in the fifth 9 poles... All theſe 8 


deing added together, make 2 5 poles, ; 
or 300 feet; ſo that if the tower be 300 
| fect high, the. bullet will- fall from its 

top, in about five ſeconds, And the velo⸗ 5 
city it will have acquired, in the laſt ſe⸗ 


cond of I the fall, will be five ties 
| greater than that which it had \ in the firlt, 
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ſpices, throigh Which the body falls, 
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, Is 3 . 7. 9. Ke. 
0 pre ll uit BY kiperiment: AB. 


a CD; (fg: 11) 4 evrds made of the 
beit catgut aboiſt twelve feet long, 
 thihtly extended, parallel to each other, 


at Lorle thckes ailttics, and making an 


Aa ahgle or about 22 1 with the furface of 
the eatth. 8 is 4 weight hich _ 
very freely, by means of two pulleys 
along tlie cord A B. and its eight 1 
085 Wan is fall below, that its upper 


part Aways fetaing hi lemz ſituation. 


- Hiss 9 of 4 mödettte 3 


TO 55 e u oy peeing Mae 55 to 


be * fuck at to vibrate once, While the 
weight G, runs through the ninth part 


65 cord A B. To: meakiire this exactly, 


cord Hould be carefully marked out 2 
- ao Hi equal! * and i upon. the other 
: | Parallel 


5 Ea rain 
patalle! cord; ee 
mark; is to be fixed the little bell K, 
which, by means of a ſcrew, can be placed 
at any part of the cord at Makes! this 
muſt alſo have a little clapper, which 
the weight G, as it runs down its own 
cord, may ſtrike againſt. On the other 
hand, the pendulum H alſo firikes a bell 
of a different tone, and the tail of the 
pendulum rod that is lengthened to 74 
cuts as it paſſes a ſinall ſil thread, that 
holds the weight G from fliding, In this 
manner the whole beitig well adjuſted, 
the weight G no ſooner begins to move, 
than the pendulum ſtrikes its bell I for 
the firſt time, while the other bell K 
: gives its found, juſt as the bell I gives 
its ſecond alarm. Thus between the 
firſt and ſecond ſound of the bell I, there 
intervenes a time, of which we have the 
exact meaſure, and alſo we have a-meas 
{ure for the ſpace the weight ſlides. We 
then ſcrew the bell K to that place of the 
cord wheretheweight G ſhall maketheſe- 
cond ſou nd of the bell K, anſwer the third 
| K 2 - 
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of the hell L. and chus of the nz f OY thn 
we may. thus meaſure the ſpaces run 
through, with the times of the deſcent. 
It will by this appear, that during the 
firſt vibration of the pendulum, the 
weight G ſhall, run over a ninth part of 
: the, cord; if it continues to move for- 
ward during the ſecond vibration, it 
will arrive at 3, and in the third vibra- 
tion at 5, in the fourth at 7, in the 
fifth at ; ſo th the >< ok taken 
. ſeparately, go o 
numbers. . Eng 4 441244 6. 
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| By ite 8 a Keel is let b fall 

from a tower, and if we know the time 
of its falling, we are enabled to tell what 
| yelocity. it has acquired. i in every moment 
of its deſeent, what ſpace it has run 
chrough in each part of time taken ſepa- 

_ rately,:and how much theſe: ſpaces make 
when added together; or in other words, 
how _ 875 tower EG from ee the 


YET 


FL; , 
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- 1 fs this: height may be LE 
by an eaſier method. For it is plain that 


. the longer the time the body has taken to 


fall, and the greater the velocity with 
which it moves, the greater muſt be the 
height from which it falls: now then we 
may multiply the time of the fall by the 
velocity, and the product will give us the 
height or ſpace through:Fhich the body 
has fallen. Thus if the time a bullet 
has taken to fall from the top of Weſt- 
2 minſter tower be 5 ſeconds, and the velo- 
city it has acquired (which is always im- 
creaſing as the time) be 5 times greater 
than in the beginning, if the bullet fell 1 
pole in 1 ſecond, (which all bodies by the 
force of gravity nearly do) then at 
the end of 5 ſeconds, it would have 
fallen 5 multiplied by 5, that is 25 
poles, or 1880 1 the OO of the 
tower, : hs Rus l 5 


, * he * : 
© * : 2 | - 0 


34 


Tr 36 d that the times ** ak 
velocities are always equal: as that is the 
ale, 3 it will be more expeditious ſtill, ta 

B K 3 | mul- 


ne. 1 80 K r gf 
1 the time of the bullet s fall, by 
nk tiund itſelf, that ia, nan ts mumber, 
and iche - (roduft will give the fpacy 
Grough which the bullet has fallen, as 
end ps af the time were multiplied by 
paces defortbed hy a falling body, iö aa 
me dquares af the times, or icheiſquare uf 

e iris Wat which, * 


ew as hs al one W more 
an :this difficult fulyedt, and we have 
done withrits intticacies. From all that 
has beten ſſaill, nit will follow, that e 
artlorty uf (by un unforniy accel. 

mated body tf the and yf the fall is fuck, 
ar it continued ito move forward vwith 
that uclecliy, withautcanyintwacceleration, 
,d emu. time, anove through a 
Pace double that of the fall. For tho 
ſpace it would deſcribe, ſuppoſing. it 
went im with an weeelerated motion, 8 
would be, us we Iproved hefere, as the 


fines wultiplial by the velocities; fa 
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that by t this it would have moved Faak | 
three times as much ſpace at the end of 
its contigued motion, as it did at the end 5 
of the fall. But in the preſent caſe, 
though the time increaſes, the velocity 
daes not increaſe, fo that we are to mul: 
 tiply the whole time of the body” s mor 
tion, by that part of the velocity only, ; 
which it had at the end of the fall, and 
the pradudt : will be the ſpace deſcribed 
by the unaccelerated | motion continued 
after. the fall, and it will be found jut 
ble the ſpace deſcribed ; in the fall, 


As the wotion of baglies falling from 
2 ſtate of reſt, is unifprmly accelerated, 
ſo likewiſe the motion of bodies thrown 
ward is uniform retarded ; for the 
=o force of gravity which conſpires 
with the motion * deſcending bodies, 
acts in dire& opppſition to ſuch as alceng, 
retardi ng thoſe that riſe, as much as it 
accelerates thoſe that fall. If therefore, 
I ſhould deſire to. throw a bullet up to the 
top of che tower in Weſtminſter, I. muſt 
Vive it as much 1 d gd 


5 3 | 8 R vEY 2 * ? 
C it riſe, as it would 2 acquire by the 
8 force of gravity ifi it fell from that height, 


” | The' action of gravity is conſtant and 
5 ut rden, and i in whatever time it gene- 
1 rates any veloc ocity in a bred body, in 
15 e it de it velocity 


* 


in a 4 riſing bod OM 
> e* rt. . ! 
5 phe" are 80 tay Uiſcoveries 


=. -} "Huygens, and Have beer employed to 
=! very uſeful purpoſes, in ſeyeral of the 
= eee parts x” oc mechaniſm. They 
mee ie d expla in many of the phz- 
=: nomena of meteors. A hailſtone falling 
= from the clouds, - if uninterrupted. in 
t decent, would firike us with more 
1 than the force of ſwan ſhot from a gun. 
A But in proportion as the rapidity of its 


* 3 


1 
cen, as 
9 


| TEES A lefcent | is increaſed,” the reſiſtance it 
W with” from the air 'is increaſed 


E- | - . 2 fo that at laſt, the acquired ve- 
= _ boeity and the Increaſed reſiſtance come 
ORE 4. equal power ; after which, 
1 dhe deſcending body can fall no faſter, 
baut continues the fame uniform 1 70 
| Ag till in comes to the ground. 3 
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Of Bader deſcending down Akne Plan, 
api: 5 and of Pendulums. : 8 1 
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| Avixe GC explained the deſcent, S 
: "bodies falling freely by the force 


7 


of gravity, it will be eaſy to eſtimate the 
force with which they will deſcend down 
an inclined plane, (bg. 12.) in which the 
direction of the fall is altered, but the 


* 4 442 4 
abſolute weight r remains the ſame. , | 


""Warx a BE is. i Wichbeld from Ng 
ing the impulſe of gravity which Always | 
acts \ upon 3 is evident that it is 
prevented by ſome obſtacle whic reſiſts 
its natural tendency to deſcend. | 1 For all 
bodies. endeavour to fall by the ſhorteſt 
courſe, that i is to fay, perpendicularly 1 to 
the earth. When bodies therefore fall 
down inclined planes, we muſt regard 
: them as obeying the uſual laws of gra- 


— +4 


vity, as deſcending with an uniformly 


„nile 


accelerated motion, but acted upon by 
1 new 


— 


„ Spr7zy * 
new forces, only taking up fo much 
more time to deſcend, as the ſpace is 
lengthened, over which they are obli ged 
% fall. The wore. che ſpace is in- 
creaſed, that as, che longer the inclined 
plane is, the more time wall the body 
take in travelling it down. Thus fup- 
poſe 1 the inclined plane to be twice as 
ene as its perpendicular hei ght, then 
ody will be twice as long in falling, 
2s it would if it fell How Its top * 
e Wes 


| To ſhew this by an experiment, ; let 
us diſpoſe the cords of (fig. 13.) in ſuch 


a manner, as that th Hall form an in- 


 clined plane A B, which i is twice as long 
as it is high, and then let the pendulum | 
be fo adjuſted, that while an ivory ball is 
falling from A-to P, it may make one 
vibration. IT the weight G begins to 
ſlide the fame inſtant the ball is let to 

fall Perpendicularly, it will not arrive at 

B till the end of the ſecond vibration, 
which Wen that the time of its deſcent 
is 


£ „ OL 45 
141 : 
FF 


ut ru 

10 to that fb ivory ball, as be = 
of the anclived ane is 40 ats height; 
and af the inclined plane were three 
times as long, its fall would be thrice as 


As the time of a body's fall is thus 
lengthened, in moving dewn an inclined 
Plane, do alſo will its velocity he dimi- 
aniſhed; for that. quantity of force which 
Haight, is here iemployed in making it 
dieſcribe a ſpace, Which, by the experi- 
ment, is tweice the length of the perpen- 
dicular; therefore the body will move 
hut with half the force that it would 
down the perpendicular, and conſe- 
quently, with hut Thalf the velocity. | 
As the time of a body's fall is thus 
tengthened in ꝓroportion to the inclina- 
tion of the plane, we muſt now go on to 
obſerve, that a body will take as much time 


in Halling obliquely down the ſhort corfd 


* a: 25 , „a8 8 it would in falling 
leſs 


circle; may be conſidered as moving 


5 110 -od 1 84 * of © 


 lefyobliquely down the longer cord M 1. 

_ ;or in fallin g perpendicularly through the 
diameter MP. I repeat it, hat u body 
will tate ut nuch time to. all: down t he 


ſhorter cord of a circle, as the longeſt. 
For bodies falling down the cord of a 


nindined Planes; a8 AB, A Ci bu 
5 * wn an inelined plane 


are, as we :vbſeryed; actuated by two 
forees; and all bodie 


es thus actuated, 
move in the diagonal“ of a ſquare or 
parallelogram.” But all the diagonals thus 
deſeribed by the united action of two 


forces, are always Performed in equal 


I times, and therefore all the cords of a 


circle are ſd⸗ too. Thus for inſtance, 


the body takes no longer time in moving 


| down the xord; AB than it does down 


the cord AC, for both are diagonals de- 


ſeribed by”: db Forces! that: continue: * 
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br | Bur. hough velo 


a: down an inclined; 5 ae | yet if 


two 
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| Experimental | Philſophy. 1 
two bodies fall from equal heights, the 
one perpendicularly, the other down the 
moſt inclined plane whatſoever, the ve- 
locity acquired at the end of the fall i in 


5 both will be the ſame; - For as gravity is 


| the fame: in both, and i 18 alike. uniformly, | | 


accelerated in either, all the i increments 
of velocity either body receives during 


2 the fall; will be ſummed up in each at the . 
end; ; but thoſe increments are equal, as 
they are produced by the ſame cauſe, | 


which 1 is gravity, and et the velo- 
. cities at the end will be IT 191515 


Ir, inſtead of one inclined plane, we 


ſhould ſuppoſe ſeveral united (fig. 14. Y 
and the body moving down them one 


after the other, its velocity, at the 
end of the laſt plane, will be as great as 
it would if it fell perpendicularly from 


the top of the higheſt plane. For the 


velocity the body à acquires at the bottom 


of each of theſe planes ſingly, is in pro- ; 
portion to its reſpective height, and con- 
Na the ſum f * velocities of all 


taken 
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takes IO is in proportiod to the 
— Weg” OTE 


Move if, instead ef th ane 
panes: thus united, we ſhould ſuppoſe 
the body moving i in the curve of a eirele, : 
from A to B (fig. 15.) as all curves may 
be looked upon as a number of planes 
inclining one to another, the velocity a 

body acquires at the end of the deſcent, 
is equal to the velocity which would be 
acquired by N N the pen 
dicular heights 


In thort, A action bodies fall⸗ 
ing freely are found to have, it is 
lengthened, but not diminiſhed; down 
inclining planes. If the force; which a 
body acquires by falling, is ſufficient to 
carry it up again to the ſame height from 
whence it fell in one caſe; fo will it be in 
the other. Thus the body D, in rolling 
down the inclined plane AB (fig. 16.) 
will acquire ſuch a velocity upon arriving 
at B, as will carry it up the inclined 

3 plane 
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/ from — it fell. 


Fat bene we may wette 10 it 


down, that if, by any contrivance, a 
body is made to deſcend through the arch 


of a circle, as from C and A, (fig. 18.) 
and with the velocity acquired by the. 
deſcent, to aſcend along the arch A D of 
the ſame circle; the arch AD which it 
deferibes in its aſcent, will be equal to 
the arch C A deſcribed in the deſcent, 
and the times in which thoſe arches are 


deſcribed will be equal; and this is the 


caſe of the pendulum, which is an heavy 

body, as A, hanging by a ſmall cord 

0 wire B A; and moveable about the 
point 
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plane BC alftioft . C, and would err, 
it kalte up, 1. che body and Plane Were 
perfectiy ſmobiii, and the air gave no re- 

| fiſtance. And likewiſe the velocity of 2 
body falling down'the curve of any circle, 
(fig: 17.) as from G to A, will make it 
riſe from A ts D; and univerſally, in 
Whatever diréctién à body falls, it will, 
if unreſtrained; riſe to the _ * f 
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eint Bz dhe weight being raiſed. 
bigh-as Can thenes let fall, it desen 
dy its own gravity to A and chen aſcends 
by its acquired velocity | to D, where, 
Joſing all velocity, it will be turned back 
by its gravity, and deſcending through 
arch DA, will, upon; its arrival at 
A. acquire the ſame velocity as before, 
with Which it will aſcend to C; and thus 
it will continue, and if raged. by 
external obſtacles, would for ever con- 


aha Neth and Saen. 11 


wa ns 


| 741 5 x | 125 77 Sa ATR; » 
Tul ist that mall 1 ioflrument i in 


common uſe for meaſuring of time, as 
nothing vet found out divides it into 
Pportious fo. exactly equal; 3. nor does the 
inequality of the arches, it may be made 
to deſcribe, make an inequality. in the 
: time of the vibration. For the vibrations 
is the ſame ulum are performed very 


nearly ir in equal times; let it ſwing never 


2 


ſo violently, or move never ſo feebly, 


* 4422 


yet it performs both. in equal times. 
Wah haye Ax proyed, that all the cords, 
of 


[ 6.4 


"© *%. 


| Bxeviniental Philly, 145 

1 eircle are deſcribed” in equal times, 
and if the cords are thus deſeribed, ſo 
will ſmall arches, which may be conſi- 
dered as little differing from their reſpee- 
tive cords. Thus if a: body (fig. 19.) be 
as long a time falling down the dotted 
cord E A, as it is falling the longer 
dotted cord C A, ſo will it be as long 
falling in the circle: from E to A as it is 
from C to A; the long and the ſhort arch 
will be fallen through in the ſame time, 
and they alſo riſe on the oppoſite fide w. 
8 wards D. in the fame a: urge I EYCILY 

| 12 1 

Y ur diſproportion in the Wann of 
two pendulums it is, which creates the 
great difference of time in their vibra= 
tions; the longer the pendulum the lower 
are its vibrations. The cord of any pen- 
dulum is to be conſidered as proportion-' 
able to the diameter of a circle; which the 
weight at the end deſcribes ; therefore, 
if a body is let fall from the top of this 
diameter as B, (fig. 20.) and if it takes a 
ſecond in falling, it will continue a ſimilar 
Vor. I. 3 time, 


py * of „ 


time, as We have ſhewn, in half ; its vie 
bration C A, and another ſecond to com- 
Pleat its vibration in riſing up to A D; 
now if we ſhould lengthen the pendulum, 
we ſhould lengthen the diameter of the 
cixcle, and as eonſequently the body will 
be a longer time falling down/a longer 
diameter than a ſhort one, ſo will it be a 
longer time wn NOI Us! a e 
| 1 nA An. 0. 2. 
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"hae 1 eee 8 W half a 
vibration is equal to that of a body fall- 
ing down: the diameter of its reſpective 
eircle; 5 if 2 I. would deſire to know, 
from w hat igen 2 entered Neun 
Plete 9 2 2 — 
For as the to, half vibrations are exactly 
ſupppſing in the firſt half vibration 

che body felba ſpace of ſixteen feet, in the 
ſecond half vibration if the body moved 
equally, it would deſcribe a ſpace exactly 
equal; but the.{paces deſctibed by fall- 
ing bodies are 0 
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11 35 5 and 7, ſo that the body will 
deſcribe 3 times ſixteen, that is 48 feet, 


which added to 16, makes 64 feet, the 


whole time of the fall e one com- 
Fo vibration. 3 | 


{vent are ho moſt important t popes 


ties of the pendulum, an inſtrument 
which has been converted to the moſt 


uſeful purpoſes, either in meaſuring 


time, and in ſcientific affairs in giving 


its nicer diviſions, By this inſtrument 


alſo, we can meaſure” the diſtance of a 
_ ſhip, by meaſuring the interval between 
the fire and the found of the gun; we 
can alſo meaſure the diſtance of a cloud 
by numbering the ſeconds between the 
lightening and the thunder; but in both 
theſe laſt cafes we muſt know the exatt 


time the ſound takes in travelling through 


a certain ſpace, which we ſhall hereafter 


explain. Galileo had no ſooner found 


out theſe properties in the pendulumi, 
than! he turned them to the advantage of 

philoſophy ; by thoſe he meaſured, with 
. ſome 
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ſome exattneſs, , his aſtronomical obſer- 

5 vations, and the pleaſure thus reſulting 

from their uſe, in ſome meaſure, recom- 

penced the pain of inveſtigating their 
properties. However, the pendulum 

he made uſe of could only meaſure time, 

for he had no inſtrument like our clock, 

which might ſum up its vibrations. It 

Was rather, in his hands, the inſtrument 

8 of a philoſopher, than a RES that could 
a be IE nn uſeful, | mn 


War was Wen hs Galileo was, 

in ſome meaſure, improved by the in- 
duſtry of Huygens, a man who added 
the acuteſt penetration to the moſt indefa- 
tigable 8 induſtry. 75 It Was he, WhO made 
uſe of them in regulating the movement 
of clocks; and this happy combination 
has ſince been-univerſally adopted. To 
have an idea of the manner in which 
a pendulum regulates the motions of a 
clock, it is to be obſerved, that all cloeks 
are put into motion either by weights or 
2 rings: but the wehepls, if guided by. 
| 8 N theſe 
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theſe alone, would never turn equably, 
therefore the pendulum has two palates, 
as they are called, which at equal inter- 
vals riſe and fall, and let the teeth of the 


wheels paſs under them in equable 


ſucceſſion, ſo that the time is marked 
with great exactneſs. But this ſuc- 


ceſſion is, undoubtedly, the neareſt an 


equality of any thing we yet know of; 
however, there are ſome cauſes which 
deſtroy the regularity of 'the motion in 
all clocks. We faid, that all equal pen- 
dulums, vibrating in ſmall arches, are 
performed in times nearly equal; how- 


ever, we muſt now obſerve, that theſe 


times are not entirely ſo, for thoſe which 
deſcribe the greateſt ſpace, are longeſt in 


performing it. This difference of time 


indeed, is not immediately perceivable by 


the ſenſes, and in ſhort durations may be 
neglected; but in a ſucceſſion of vibrations 
ſummed up together, it may come to a 

conſiderable amount. In fact, it has 


been found by experience, that the beſt 


regulated pendulum clocks, wherein the 
=_ greateſt 
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greateſt care has been taken to ke the 


pendulums vibrate in equal arches, have 
notwithſtanding varied in a courſe of 
time, ſo as to ſtand. in need of a new re- 
gulation. And it is almoſt impoſſible to 
make the pendulum conſtantly deſcribe 
ſimilar circular arches, and conſequently 
to make its vibrations preciſely equal; 
for if the wheels, on account of the 
thickening of the oil by froſty weather, 
or any other cauſe, grow more ſluggiſh, 
this will. diminiſh alſo the ſwing of the 
pendulum, and therefore the length of its 
| arches, and conſequently the portions of 
time that it is made to meaſure, ſo that 
the clock goes too faſt. On the contrary, 


| whentthe oil is thinned by heat, and the 


wheels thus grow more ſlippery, or from 
their conſtant friction become more 
ſmooth, ſo as more freely to obey to the 
moving power, the pendulum will of 
courſe be acted upon more forcibly, and 
cauſed to vibrate in larger arches, by 
which means, the time of each ſwing is 
eee of c courſe the clock goes too 


flow, 
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Now. This ſource of inequality did not 
eſcape the penetration of Huygens: to re- 
medy theſe inconveniences, he thought of 
another method of adapting pendulums 

to clocks, in which it would be abſolutely 
indifferent whether the pendulum moved 
in larger or ſmaller arches; he found 
that if they vibrated between two curves 
of a geometrical figure, called a cycloid, 
the irregularities ariſing from the altera- 
tions upon the pendulum, could produce 
no ISR in the vibration. 


oo CYCLOID is a FRAN deſcribed by 
the revolution of a point in a cirele, 
while that circle is rolling upon an'even 
plane. Thus a nail in a chariot wheel 
deſcribes cycloids as the chariot moves 
along. Huygens demonſtrated, that how- 
ever unequal the arches were, which a 
body falling in this curve might deſcribe, 
they would all be performed in equal 
times; for the nature of this curve is 
| ſach, that a body falling down it ac- 
quires by velocity in the beginning 


L 4 more 


PPP 
more than it loſes in time at the end. 


fourth part of a circle AED (fig. 21.) 
divided into four parts by right lines 
and a body falling down them, as down 
ſo many inclined planes. If the velocity 
were not accelerated, it is evident that 
the body would be a much ſhorter time 
in rolling almoſt perpendicularly from A 
to B, than obliquely from C to D. But 
the body goes with: an accelerated mo- 
tion, and while it goes from C to D, 
though the plane be moſt inclined, yet it 
performs it with the velocity which it 
has acquired by falling from A to C. 
Now it is evident, that if the planes 
A, B, E, were more perpendicular, the 
velocity through C D would be greater. 
I be line FG H, which is the curve of 
a a cycloid, is juſt ſuch a figure; the upper 
Part of its curve FG D is more perpendi- 
cular than the arch of the circle I E D, as 
is obvious to the eye; and therefore the 
velocity acquired by the body at D, will 
be greater by falling from the cycloid F, 
in than 
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chan if it fell from the curve I. Nay 
what is more extraordinary, by the ſame 
reaſons, the time in which the body falls 
from F to H, will be leſs than if it fell 
down the right line IH, though it is 


. evidently the ſhorteſt way. Upon this 


was founded the famous problem which 
Bernouilli propoſed to the geometricians 
of Europe. He demanded in what line 
a body, falling obliquely, would fall 
ſooneſt to the earth? This was not a 
right line, though the ſhorteſt that could 
be drawn, but the curve of a cycloid, 
which was afterwards called by the hard 

name of a Brachyſtochrone, or the line of 

quickeſt dent ES 


IT was between two of theſe curves 
that Huygens ſuſpended a pendulum, as 
between the curve of the cycloid CA 
and the curve F B, (fig. 22.) might be 
ſuſpended the pendulum CV, in ſuch a 
manner, that the ſtrings which hold the 
pendulum, as often as it moves from the 
„ towards either ſide, might 

£4 bend 


154 4 Sorver Tl 


bend "oy either curve, and by this 
alſo the pendulum would deſcribe another 
curve of a cycloid AVB. By theſe means 
he ſuppoſed that the curve AVB being 
ſimilar to the other two curves, would 
deſcribe all its vibrations in equal times, 
and thus communicate a perfect regu- 
larity in clocks. However, experi- 
ence and theory have evinced the 
contbiny.. Fe 


, 


| War ſeems * bed in the 
error of Huygens is, that the learned of 
Europe | perſiſted in the error for more 
than thirty years, notwithſtanding the 
irregularities that this produced in the 
movements of clocks. One while they 
attributed it to the inaccuracy or igno- 
rance of the artiſt; another time to the 
obſtruction of ſome phyſical cauſes; Mr. 
Sully was the firſt who undeceived them. 
He ſhewed that the regularity of cycloidal 
pendulums was obſtructed upon a very 
ſufficient account; namely, the flexibility 
of the rod or ſtring of the pendulum, which 
| a . 


|; ak hve had to bend Om the curve 
on either ſide, and which altered the 
weight of the pendulum upon the work 
to be regulated. Another ſufficient reaſon 
againſt cycloidal pendulums is, the 
moiſture which the ſilken ſtrings im» 
bibe from the air; whereas in other 
pendulums a ſteel rod is made uſe of, 
which is not ſubject to equal variations, 
In ſhort, theſe kind of pendulums are 
now entirely out of uſe ;. however, it is 
poſſible they may again be brought into 
faſhion, ſince a late improvement in 


one of the movements of a clock by 


Le Roy, in which the cycloidal pen- 
dulum may be uſed with advantage. 


| Sucn are the aſſiſtances which geome- 
tricians have brought to regulate the vi- 
bration of pendulums, and to make all the 
arches they deſcribe equal; but there are 
other natural cauſes of irregularity, which 
are entirely irremediable by calculation. 
As the rod of the pendulum, like all other 
| bodies, contracts with cold, and dilates 
with 
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witli heat; ; ſo it muſt in cold wel 
ther be confiderably ſhorter than in hot 
weather, and conſequently its vibrations 
muſt. be ſwifter in winter when it is 
coldeſt than in the heats of ſummer. It 
was a ſuſpicion of this kind that induced 
ſome to think, that as the pendulum at 

the equator was found to move much 
flower than the ſame pendulum towards 

| the poles, this might proceed from its 

being lengthened by the heat of the cli- 
mate. In this however they were de- 
ceived, for its ſlowneſs there (as we ob- 
ſerved before) proceeds from its having 
2 grearer centrifugal force, which thus 
makes the force of gravity leſs at the 
equator, than towards the poles. I ſay, 
they were deceived in this; for it has ap- 
| peared by the moſt careful experiments, 
that the lengthening of the pendulum 
in the Hotteſt weather, bears no ſort of pro- 
portion to the ſlowneſs with which the 
pendulum at the equator is found to 
move. Mr. Mairan's pendulum at Pari. 
required to be 3 French feet, 8 lines and 
an half, to vibrate ſeconds, This pendu- 
lum, | 
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lum, by every experiment that has been 
tried to make it vibrate ſeconds at the 
equator, muſt be 2 lines ſhorter. Now 
if the air at Paris were as hot as boiling 
water, yet it could not require the pen 
dulum to be made the third of a line 
ſhorter, ſo that the heat at the equator 
is not tlie only reaſon that makes it too 

long to vibrate ſeconds there, ſince the 
heat alone could not increaſe its en 
f * a third Part! of what we bud it. 
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f qulum by heat, and its contraction * 


cold, are inconveniences however which! 
ſome mechanics have attempted to ob- 
# viate, by employing another piece of 
metal in the movements of the machine, 
which ſhall counteragt the lengthening 
or ſhortening. of the pendulum, by its 
own (dilatation or contraction. Mr. Har- 
r ſon's machine is made upon this princi- 
ple, Le Roy and Caſſini have publiſned 
treatiſes upon this ſubject: it is our duty 
in ſo ample a ſubject, to excite curioſity 
f rather than to gratify it. 
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! o kak or Hat Motion cauſed by 
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: " N V body d r of; 4 II 
the hand, or ſhot forward by the 


force « of powder or any other means, is 


called a projectile. Thus a ſtone driven 


from the hand, A ball driven from the 


mouth of a cannon, are called projectiles, 
from their being projected | or caſt for- 


ward. When the blow of a race tf 


(kg. 23 > or any other impulſe, deter- 
mines a ball to aſcend; perpendicularly, 
it impreſſes a force directly eontrary to 
the gravity of the ball; ſo that the ball 


will riſe with a motion, equal to che 


ſuperivrity-which the impelling force has 
over gravity. Thus if the impelling 
force is capable of drieing the body at the 
rate of 60 feet high in one ſecond, as 


che force of gravity draws it and all 


bodies back to the earth about 16 feet 
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7 the ſame time; the height 1 


the ball will riſe in the firſt ſecond, wilt 
| be but 44 feet. In the next ſecond of 
its aſcent, as the: our of Oy an” 


tlcribes ee are as odd numbers E 


will make it fall 3 times more, '\which 


it 


is 48 feet, which: ſabquQted from 60 in 
this ſecond, which it would rife if un- 


interrupted in this ſecond, will leave it 


but twelve feet to riſe. After this it win 
ceaſe to aſcend; for in the third ſeeond, 
gravity will have the advantage over the 


ojectile force of the racquet, for the 
| raequet- gives otily 60 feet in a ſecond, 
whereas gravity would give at the third 
ſecond 5; times its firſt force, that is, the 


body will deſcend at the rate of 80 fest; 


for the ſpaces deſcribed by bodies fall- 
ing by the force of gravity increaſèe hy 


the odd numbers, 1, 3, 5, 7, , &c. 


from this it appears that the projectile 
force, is uniformly diminiſhed, and that 
a body thrown, perpendicularly apwards: 
alſo, falls perpendicularly dowtn, or at. 
leaf to all * 


Now 
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Now inflead of throwing the / | 


perpendicularly upward; let us ſuppoſe 
it to wa hot directly forward, and Rill 


wn ker us divide the whole of its way 
FG (Fig. 24.) into four equal parts. If 
the ball F, during the firſt ſecond, falls 5 
1 4 by its force of gravity, during the 
next ſecond, the cauſe increaſing by odd 
numbers, | will make it fall 3 times as 
low, to 2:0; in the third ſecond it will fall 
times as much, to 3 c, and in the fourth 
ſecond it will fall 7 times as much, to 4 g. 
By this means we ſhall have a ſucceſſion 
af points, Ea ce g. v hich together form 
à curve, which geometricians call a 
Parabola. And i in this curve all pro- 
jected bodies will move, in whatſo- 
ever. direction they are thrown, except 
8 or Ae . 
ace. 4 E-- 


9 1 — 14 


| Nowſhouldi it be aſked in des manner 

à cannon ſhould be planted in order to 
drive a ball to the en 8 diſtance, ; 

181 0% 116 the | 
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the ſolution will be obvious. For if we 
ſuppoſe it raiſed perpendicularly as B, 
(fig. 25.) it is evident that the ball 
ſhot from its mouth will fall perpen- 
dicularly back again, to the ſame ſpot 
from whence it was driven. And if we 
ſuppoſe the cannon laid level with tlie 
ſurface of the earth at A; it is evident 
chat the ball can be ſhot to but a very 
ſhort diſtance; for as it deſcribes the curve 
of a parabola, and conſequently is every . 
moment deſcending, ftritly ſpeaking, it 
would reach the ground the monient of 
the exploſion. To give therefore à ball 
the greateſt amplitude, and to drive it to 
the greateſt random diſtance, we muſt 

point the cannon exactly between the 

horizontal direction A, and the perpen- 
dicular direction B; that is, we muſt 
elevate it to about forty five degrees of 
a circle, or the half of its quadrant C; 
and every day's experience in gunnery 
confirms the truth of this theory. 


3 he Balli TH art, or that part of 


engineering which conſiſts in meaſuring 
3 L; M | with 
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with exactneſs the force of a cannon ball, 
or a bomb, and ſuch like, conſifts in a due 
knowledge of the weight of the body 
to be driven, and the projectile force that 
drives it. The weight of the body is 
eaſi ny meaſured; the force of the pow 
der requires much more aſſiduity to 
underſtand, and can after all be only 
found by experience. Upon underftand- 
ing the quality of this, and the quantity 
. that can be employed with effect, de- 
pends almoſt the whole of the gunner's 
art... I ſay, chat can be employed with 
effect; for only a certain quantity of the 
powder is always conſumed, which is 
Put into the piece; the teſt is diſcharged 
entire wirholt ever taking fire, or at moſt 
is not kindled till the ball is 1 the 


"I of its force.” 8 


» 


Erk ERT ENCE, therefore, is the - beſt 
non in the doctrine of either throwing 
bombs ot ſhooting balls; for the theory, 
of which we have given! here but a ſmall 


ot can hd the young engineer but 
g a ſhort 


7 
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* ſhort way; and indeed it is clogged 
with ſo many exceptions, that it i is rather 
an, object of amuſement than utility. | 
F oF fir, e the a air ufer 
Robins, who ſome. years ſince publiſhed 
a work entitled New Principles of Gun- 
nery, exen aſſerts that the figure the body 
. deſcribes, i 1 not a P arabola; | others, later 
than him, Who appeal to experience ag 
Well as he, affirm the contrary. Future 
experiments muſt determine the diſpute ; ; 
for in natural things, the experimenter 
ſhould ever lead the geometrician . What 
we have here ſaid with reſpect to the pro- 
| jection of bodies, and of their deſcribing . 
parabolas, muſt be conſidered as their 
motion is ſeen by us ſituated on the 
earth; but by a ſpectator, removed at a 
diſtance from its ſurface, and not par- 
They who are deſirous of having a more Geo- 
metrical knowledge of this ſubject, may conſult an 


excellent treatiſe, entitled Baliſtica Arithmetica, 


dy Mr, Maupertuis, which in two pages contains 
more than volumes on the ſame * written by 


one others z 


M 2 taking 
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- of its motion, bodies thrown . 
i would be ſeen to deſcribe very 
YA different curves from what 'an inhabitant 
of the earth conceives. For in reality, a 
ö body thrown upward, beſide the two 

forces already mentioned, is urged alſo 

by the rotation of the earth upon its axis. 
Some ſay, a body thrown upwards will, 

to ſuch a ſpectator, appear to deſcribe 

the curve of a parabola as before; others 

are for reſtricting this aſſertion. Hap- 
pily for mankind, and for philoſophy 

too, the queſtion - 18 merely ſpeculative: : 

the figure is very difficult to determine, 

2 but it is eaſy to determine that all en- 

quiry is to be Uſcontinued where it 
_— to de uſeful. | „ 
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"OHA . XIII. 


of the Communicution of Motion. 


\TATURAL philoſophy, ftriely 


Tpeaking, i is little elſe but the mea- 
furing of ſuch motions as are obvious, 
or accounting for ſuch as proceed from 
an hidden cauſe. We have already ac- 


counted for and "meaſured the motions . 


of bodies, that to the vulgar ſeem to put 
: themſelves i into action, or, that put into 


action by us, go on without communi- 


cating their motion to any others: of the 
firſt ſort, were bodies attracting each 
other; of the laſt were projected bodies, 
that were ſuppoſed to meet with no o ob- 
ſtruktion! in their, way. 


W K now come to lie that mo- 
tion, which | is communicated from one 
body to another, without conſidering 
'" the firſt cauſe which gave that motion. 
to either, 1 upon ſeeing. two bodies 1 in 


motion, 'F apply my firength to. ſtop 


M3 2 either, 
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either, I will naturally and juſtly con- 
clude that body to have had moſt force, 
* required moſt of my force to ſtop 
| Now there are two things by which 
; body, acquires this f. uperigr force; it 
either moves very. ſwiftly, or the body 
tnoving i is yery heavy : iy either caſe it 
requires very great force to flop i it, but 
moſt of all, if i it is at once boch ſwilt and 


very foiftly, wal give wit a moderate 
blow; a leaden bullet, moving with 
equal ſwiftneſs, would. be fatal, The 
force therefore, with Which a body 
moves, is in proportion to its ſwiftneſs 
and weight: or, to exprels the ſame thing 
in harder words, the momentum (for ſo 
| Is the force uſually called) i is . gap 


5 4% # 


velocity united. If then at apy time we 
deſire to know the force with which a 
body moves, it is but multiplying the 
velocity by the weight, or the weight by 
the velocity, and the prod uct is the force 
Sushi for. 80 that by this we ee chat 


two 


Experimental Philoſophy. 167 
two bodies may go on with very different 
degrees of ſwiftneſs, and yet both move 
with the very ſame force, provided the 
difference of their weights balances this | 
' "exceſs. Thus, ſuppoſe a bomb to weigh - 
40 pounds, and to move 2 miles in a 
minute; and a cannon ball to weigh 4 
pounds, and move 20 miles in the ſame 
time. If I would know which will ftrike | 
down- a parapet with greater force, 1 
multiply 40 pounds, which is the weight 
of the bomb, by 2, which is its ſwift- 
| neſs, and that makes its force 80. Then 
I do the ſame by the cannon ball, and 
20 multiplied by 4, gives 80; fo that the 
force in both is equal, and either would 
level the parapet with equal force, Once 
again therefore, I repeat it, that tbe 
Farce or momentum of any moving body is 
Found, by multiplying ts velocity by ite 
weight, 


To. prove this another way: if it 
ſhould be ſaid that bodies, which move 
with equal ſwiftneſs, will alſo move with 

4 equal 
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equal Fong ſuppoſe 1 threw any IE 
forward, and by the time it got to ſome. 
diſtance it ſhould divide into four dif- 
ferent parts, theſe would ſtill move to 
the end of the caſt with as much ſwift - 
neſs as the body would if it had remained 
entire; but it would be abſurd to ſay that 
theſe parts move each with as much 
force, ſince if fo, the force in the four 
parts would be four times greater than 
what was at firſt impreſſed upon the 
body, ſo that to put it into motion, the 
bas ms woule” be greater t than Ge _ | 


"ALL this 1 nene 420 was — 
kiibwn to Archimedes; but notwithſtand- 
ing, obvious as it is, Leibnitz and his 
followers inſiſt that the force of a body 
is to be eſtimated, not by multiplying 
the weight by the velocity, but by the 
ſquares of the velocity. Thus Archi- 
medes would ſay, that a ball which 
weighs 2 and moves 2, would go on 
with a force 4; but Leibnitæ contradicts 
him; and ſays that a ball which weighs 
4 2 and 
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2 and moves 2, will go on with a * 
2, multiplied by the ſquare 1 the velo- 
oy 25 ! is 8, | 


| "Vu 3 in Alpare therefore 1 is, 
whether the force of a moving body 
becomes double or becomes quadruple, 
when the ſwiftneſs is only doubled? 
Now were the foree employed in deſtroy- 
ing its motion, allowed as a proper 
| meaſure to eſtimate the force, with which 
the moving body went forward, the 
_ queſtion would ſoon be at an end, and the 
followers of Leibnifz muſt ſubmit ; for 
to deſtroy the motion of any body what- 
ſoever, we have only to oppoſe to it an 
equal weight to its own, multiplied by 
an equal velocity. Suppoſe a ball of 2 
pounds moves forward with a ſwiftneſs 
of 2 yards in a minute; if I deſire to ſtop 
it with another ball which weighs 2 
pounds, this I can effectually perform 
if I give the laſt ball, which has already 
as much weight, as much ſwiftneſs 
ag the former. This ſhews that if the 
me :F force 
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. in one body, be n 
to that deſtroying in the other, the 
moving force muſt originally have been 
as the weights multiplied ſimply by the 

enn and not as the e 


Tun firength of this objection 1 IM 
was aware of, and therefore anſwered it 
by making a diſtinction. The force 
ſafficient, ſays he, in one body to de- 
ſtroy another body's motion, I grant, is 
rightly meaſured by the weight multi- 
plied by the velocity; but the force with 
which a body ſurmounts obſtacles, is 
to be eſtimated differently from that 
in which it is overcome by them. A 
dody moving forward, becomes in a 
manner animated on its way, and when 
once put forward, overcomes obſtacles 
that would have been inſurmountable to 
its force at the very inſtant it began; as 
a man will overcome difficulties, when 
in his heat, that in his cool moments 
would be inſurmountable. Suppoſe, for 
| inſtance, a body, vith a certain degree of 
E PEE * 
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weight and ſwiftneſs, is able to coil 
up 4 watch ſpring; if T double the weight | 
alone it will coil up but two watch 
ſprin gs, but if on the contrary I double 
the velocity alone, it will coil up four. 
Thus then, continues Leibnitæ, we have 
two kinds of forces; dead forces, which 
are as the weight multiplied by the 
velocity; ; and animated forces, which are 
as the weight multiplied by the ſquares 
of the velocity, The dormant force 
which a body poſſeſſes while counter- 
acted by ſome other, is the dead force; 
that of a body actually put into motion, 
the animated. An arrow drawn to the 
head and juſt ſtarting from the bow, is 
a dead force withheld by the archer* 8 
hand, with a power that would, upon 
computation, appear to be equal to a 
certain weight multiplied by a certain 
velocity; but when the arrow is once ſhot 
forward, then the animated force begins, 
and with a power, made up of the ar- 
rows weight and the ſquare of its 
velocity, Whatever totally deſtroys the 
animated 3 
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1 force, turns it into a dead one, 
and i it therefore yields to an inſurmount- 
able obſtacle in the ſame manner as a 
dead force would do. But. it is other- 
wiſe when ſlight obſtacles are overcome; 
for ſuch are paſt over with a force, as the 
ſquares of the velocities multiplied by the 
weight of the body in motion. We muſt 
not therefore, concludes Leibnitz, eſtim ate 
the force of a body in motion, by com 
puting the force which would be ſuffi- 
cient to deſtroy that motion; ſince a 
moving body ſurmounts obſtacles with 
a much greater force, than that by which 
its force is deſtroyed by inſurmountable 


ones. 


SUCH is the doctrine of Leibnitꝝ upon 
the forces of bodies which impell each 
other; by which we ſee that he was of 
opinion that a body, whoſe ſwiftneſs was 
_ twofold, would have four times the force 

of one which only went forward with a 
ſingle velocity. But however reſpectable 


Oy name of Leibnitzs may be, there are 
among 


= 
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among his adverſaries, names ſtill more 
reſpectable, for Newton and Clarke 
are of the number. We grant, faid 
they, that four watch ſprings will be 
coiled up by a body with 'a double 
velocity, and nine ſprings by a triple, 
and fo on; but as you diſtinguiſhed once, 
ſo now muſt we. Between the firſt in- 
fant that the bochy begins to coil the 
ſpring; and the laſt, in which the work 
is completely performed, however quick 
it may appear to ſenſe, yet there paſſes 
ſome time. Now if we conſider the 
effect of the coiling body at the end of 
the time, it will certainly produce a force 
as the ſquares of the velocities, and 
Leibnitz is in this reſpect right; but 
if, on the contrary, we could eſtimate the 
force, at the commencement of the 
coil, it would be ſimply as the velocity 
Net by the OE of x matter. 


THIS Mt which is not even yet 
perfectly determined, has for more than 
| ſixty years divided the learned of Europe, 

and ſharpened ſome even into animoſity; 
| however, 


„ oath 8 127 7. 

Ann it is n — 
culative, and may be reduced to this 
| Kirchen queſſion 3 any Whether the 
pre Pie? | fagopon-ien parts ee one 
* the other ; z or, whether its reſiſtance 
is i , all its parts oppoſing 
art, Which ever of theſe happens, 
the effect is to be meaſured in the fame 
manner, ; poly one e takes | in the time of 


1 NG "ths. diſpute 
thexefore, we may. fill continue. to 
meaſure the quantity of farce in moving 
bodies, by their weight multiplied by 
their velocity; ; we go on therefore to ob- 

ſerve, that whatever be the action of a 
body thus moving upon another, that 
other exerts an equal re- action upon it. 
If the moving body takes three degrees 
of force, to drive forward a body at reſt, 
this quieſcent body employs three degrees 
of force to keep the other back. If I 
Preſs a ſtone with my finger downward, 
the ſtone preſſes my 1 equally up- 

ward. 
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-watd, If a horſe draws a load forward, 
as much as he promotes the Progreſs of 


Ae teal ſo much is he retarded, or in 
other words drawn back; and whatever 


motion he communicates to the load, he 


loſes ſo much of his own. In a word, 


#he re- action of any body whatſoever, 
is equal to the e em foo in "ow 
ring 1 into motion. . ons a 


o 
hs, 
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: "Ns action and re-action are thi u esl, 


it is manifeſt that in che ſtroke one body 


makes upon another, the motions of 
both muſt be equally affected by the 

blow; and Whatever additional motion 
che one "receives, the other muſt loſe I 
mudh that gave it; whatever the one 
. ad 0 much muſt ite other be 
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17 
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8 n thats two o prindjples nite, 
| e that che force of bodies · is made 


up of their ſwiftneſs and weight mul- 
Uplied by each other, ah/*that action 


: and reaction are equal, deperids che laws 


of 


ns tf 8 v u * E * BY | 
of the eonumunication of n lars 
which ancient philoſophy had never ſup- 

to exiſt, and in which more mo- 
Gro ee were for a long time 


49 8 one body: beceines poſſeſſed of a 
power of granting its motion to another, 
how matter, which is itſelf i inert, ſhould 
be capable, when moved, of communi- 
eating its activity; theſe are queſtions 
which we may aſk, but can never re- 
ſolve; perhaps our wiſeſt anſwer will be, 
with Moa/branche, to ſay, that God has 
willed it to be fo. But though we are 
ignorant of the cauſe of its motion, yet, 
by certain laws, we can readily: tell the 
_ preciſe quantity of motion (or let us call 
it force) which one body communicates 
to another, provided we know the 
weights of the two bodies, and their 


e before they. i impin ged. 


lx we LP . all bodies perfealy 
hard, it pert that if thus circum= 
ſtanced, 


£5 
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fianced; "any" tro of cem ſhould 5 


againſt each Other In afi en direction, 
they would never "ſeparate after the 


ſtroke, but either remain topether ima 
moveable; or go forward together with 
one common and equal fwiftnefs. For 


what is it that could ſeparate then? They 
cannot rłroil from each other, For' this 


would imply that their parts gavt way; : 


which they cannot do, as the bodies are 


ſuppoſetd to be perfectly hard, and tlrere- 
fore unyielding. They cannot be ſepa⸗ 
rated By the air, or any other external 


reſiſtance; for theſe, in the preſent eaſe, 
are ſuppoſed to be removed, If two per- 


Tectly hard bodies therefore ſtrike againſt 
© each” other, if they move after the 
ſtroke, * my both more . the | 


fame 1777 


7 50 11a * L [ . 
a. 


AlL bodies perfectly hard may ik 
called non-elaftic bodies; theſe, after the 
ſtroke, never ſepatate from each other, 
but either remain together immoveable, 


or g on with - one common velocity. 
Vol. I 5 ö „ 
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The quantity. of force they communicate 
or receive from each other, may be deter- 
mined in the manner following Tf two 
non-elaftic bodies meet in oppoſite directions, 
the exceſs of force. mn one of them, before 
they firike, will be all that is left in both 
after, and this being diftributed | between 
them, in proportion to their weights, will 
tell us the force with which each moves 
after #he Arote. For all the reſt was 
; deſtroyed by their contrary, and oqual 
* von each other. 


Ves one « body in in motion ts an rite 
another, which is either at reſt or in 
motion, both bodies, after the ſtroke, will 
have. all the Force. they had before, but 
then diftributed between each, in proportion 
to their weights. For in this caſe there 
is no contrary agent to deſtroy their con- 
ſpiring forces; and as they both move to- 
gether with equal ſwiftneſs, from their 
want of elaſticity, | the force of either 
muſt be computed by its reſpective 
weight, their velocity being the ſame. 
THESE 


F A 


. Phit ofophy. 


3 are the great laws out 
© Sir Chriftopher Wren, for meaſuring 
the quantity of force communicated or 


8 deſtroyed by the mutual pertuſſion of. 
hon-elaſtic bodies; and we can,, with 


great eaſe, apply thoſe rules to atiy par- 


ticular eaſes that may be ſtated; as when 
one body is only in motion at the time of 


the ſtroke, or when both move in the 
| fame direction; when they move in op- 
poſite directions, and this with equal ot 
unequal force, or unequal weight. Any 
of theſe caſes, I ſay, may be very eaſily 
ſolyed,' by applying to the rules above 
mentioned. I ſhall only therefore take 
any one of them as an example at a ven- 
ture, for as it 18 a buſineſs, rather of calcu- 
lation than curioſity, ſuch learners as 
are delighted with ſtudies of this nature, 
will very eaſily ſolve the reſt themſelves. 


Let us ſuppoſe then two bodies of un- 


equal weight, both moving, and the one 
overtaking the other. Let us ſuppoſe the 
weight of the preceding body'to be one 


= pound, and let it have three en of 


N 2 velocity, 


e OS 1 
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33 0 that its force will be three. 
| 2 let us ſuppoſe the purſuing body 
to weigh two pound, and to have a 
eee, of ſix degrees, ſo that its force 
will be twelve. Now I deſire to know 
with what degree of force theſe two 

bodies will procetd after one has ſtruck 
the other? Firſt then, according to 
my rule, I find the force in both bodies 


before the ſtroke, which is three, and 


twelve, and that makes fifteen. - Now 
this I diſtribute between the two bodies, 
after the ſtroke, giving to each in propor- 
tion to its weight. The firſt weighs one, 
the laſt two; therefore the force in the 
firſt body, after the ſtroke, will be five, 
and the force in the laſt body, after the 
ſtroke, will be ten. Now if I defire to 
know what force was communicated by 
the ſtriking body to the ſmaller; the 
force of the ſmaller body before the ſtroke 
was three, and after the ſtroke five z 
therefore the motion it received by com 
munication Was two. 8 
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Aus What is thus found exact in theo- 


ry will be found nearly true in experi- | 


ment, I fay only nearly true, for in the 
whole cirele of nature there is not to be 


Wound a body perfe@ly-non-elaſtic, and 
the philoſopher in this caſe, is obliged to 


be content with capping! in his experi- 


ments, ſuch bodies as are moſt void 
of elaſticity. If 0 were perfectly 
hard, they would be perfectly non- 


elaſtic, as their parts, upon preſſure, 


would never give way; but as in nature 
thoſe fubſtances we meet with that have 
hardneſs, have great elaſticity alſo; the 


natural philoſopher, in his experiments 


upon non-elaſtic bodies, inſtead of uſing 


unyielding hard bodies, as they are not to 


+ be met with, is obliged to have recourſe 


to ſoft bodies that are non-elaftic from a 


different principle; they yield to preſſure, 


but do not recover themſelves wich a 
ſpringy or elaſtic en, 


Tür bann WIFE em in 


experimetts upon non-elaſticity, are balls 
HEE Nagy ': + _ 


* aw a 4 , 
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18a wt sn vEY of 
| ods mY moiſt. clay, and ſuſpended by 

fine ſtrings, as we uſually ſee pendulums. 
Theſe are let fall from certain heights, 
and the time they take to paſs through 
theſe heights is conſidered as their velo- 
eity. With theſe the experiments are 
found to anſwer nearly to the theory; 
their Rill having a. ſmall degree of elaſtic 
force, and the reſiſtance given 6s the air, 
en the ee Le 


By theſe we ean e be 
erg that bodies, when they hold 
à certain proportion, are moved, and 
remove each other in equal proportion. 
But it is otherwiſe if the difference of 
the two bodies be very great; if I ſtrike 
a clay ball againſt the wall of an houſe, 
the wall remains unmoved as before, or 
the motion is ſo infinitely ſmall, that 
ſenſe is not capable of diſcerning it, 
And this may ſerve to refute the noted 
opinion of the Epicurean ſects, that no 
motion was ever loſt in the world, but 
- that what vas once begun, though it 
| ceaſed 


ceaſed in the firſt body that —*. £ 
yet it was only by its being-tranſmitted to 
another, but not actually deſtroyed, It, 


is true, they may reply, that thou h 
motion be infinitely « dimitfiſhed, yet this 


is not equivalent to its being actually de- 


ſtroyed. Much might be ſaid upon this 3 
queſtion, but we will paſ it over, as a diſ- 
cuſſion of it would be a matter of uſe to 


none, and a matter of curioſity * og 
een eg 
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; 40 " Of Eig., and Elaftic fra,” 3 : 
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ngne fare endued with LIK q elaſticity, : 
By elaſticity, I mean that ſpring or power 


With ychich ye find many bodies, when 
Neſſed, reſtore themſelves, ag ſpon as. 
their parts to- 


that preſſure which bent 


2 
$ 


285 chere are no bodies i in nature « 
chat are perfectly non elaſtic, ſo 


15 gether is taken away. Thus a watch 


ſpring, which, when coiled up, unfurls 
itſelf as ſoon as at liberty, may be called 


elaſtic; marble, which, when ſtruck 
againſt the pavement, rebounds to ſome 
height, may be called elaſtic. No body 


on earth, even water, as we ſhall ſee in 


its proper place, is entirely without this 

power, and yet no body in nature has 
this power in perfection. To be per- 
fectly elaſtic, the body muſt reſtore itſelf 
with a force exactly equal to the preſſure 


made upon it. The marble, if dropt from 
an height of three keetz to be perfectly 


elaſtic, 
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_ elaſtic-muft riſe to the height of three 

feet. It falls to the pavement is preſſed 
inwards by the fall; if it reeovered from 


- that preſſure with equal force, it would 


riſe as high as it fell. But no body is 
found to do this completely; an ivory 
ball is the moſt elaſtic body that we 
know of, and ſuch are uſed in all che ex- 
periments upon this ſubject. But before 
we begin to meaſure the efforts of this 
elaſtic power, it will not be amiſs to en- 
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catgut moiſtened, between my fingers, 
and lengthen it by pulling at the other; 
this, when let free, will again ſhorten 
itſelf as before it was drawn. No it is 
required to explain what. power it is, 
which thus ſhortens the ſtring which I had 


lengthened? A common obſerver would 
ſay, that it ſhortens itſelf, that the fibres 
of the ſtring; which were lengthened. by 


forge, when that force is removed, again 
7 | WS reſume 


| deren L hold, 0 Ins one cats a bitof 


5 
7 
1 
bf 
+ 
* 
* 
by 7 
s 1 
| 
? 
© x 
2 
„ 
f 
1 


16 ½ 8U wins of 
. their natural ſtatèẽ. But what is 
the natural ſtate of its fibres? Mere 
matter is intirely inert and paſſive, and 
the fibres in one ſituation, are as natu- 


rally placed as in any other. There 


muſt therefore be ſome other power, that 

thus impells thoſe fibres again to contract; 

and what that Prove: 155 f is what * 
phos: Ke ig HINT; 


wy © . 
» hs: 
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"Ts wire this queſtion; a — al 
fir that by lengthening the ſtring we 
leſſen its pores, and thus ſqueeze a cer- 
tain ſubtile fluid, ſuppoſed to be in all 

bodies, into a narrower compaſs, which 
by its endeavouring to fly out, will pro- 
duce an endeavour in the body to reſume 
its form. This ſolution, is a more incom- 
prehenbble ee n that which 1 it 

e eat 3 * vt 
rn ane pbes at this Be of 
whom is Malebranche, ſuppoſe that all 
bodies are filled with little vortexes, 
: 1 6-4 Likes: watch fprings coiled, - give 
way 
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way. to preſſure, but reſtore themſelves: 
upon its removal. This is only ſuppoſ- 
ing one kind of elaſtieity that we do not 
— to Ou another, tat we do. ſee. Fi 


Tu. E Bowery: of 1 his” that 
this power is nothing elſe but that of 
attraction. When the firing i is length- | 
ened, ſay they, its parts are not however 
drawn out of the ſphere of each other's 
attraction, by which they were held toge- 


: lengthens the ſtring is removed, and the 
attracting parts are permitted to reſume 
their functions, they again attract and 


contract the parts to their former ſitu- 


ations, and the ſtring ſhortens as in the 
beginning. A ſingle. queſtion will. ſerve 

to inyalidate this ſolution. Why then are 
not heavy bodies, which have moſt parts, 
and ſhould have conſequently moſt 
attraction, the moſt endowed with 

| Flaſticity? 7 


WHAT the caufe is therefore, that a 
body, when thus lengthened, recovers 
its 


| * 
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its former ſhortneſs When the length- 
ening forte is taken away, as yet appears 
inferutable. * All that we know is, "the 
actual exiſtence of the experiment; and 
perhaps this is as much as is worth our 
Ebowing. Now miethodically to 'ſhew 
that & ftr ny may be lengthened, and yet 
recover its former ſhottnefs, the follow- 
ing "experiment wilt ferve: If the ſtring 
of a "fiddle" or an "harpſichord, (fig. 26.) 
be ſtretched between two fixed points, 
G, H, arid let it be ſtruck upon by a ſolid 
body, fufffeient to bend it from the point 
from Ito K; it is evident that this ſtroke 
win tebgthen the ſtring, for the line 
GEK H, i. obviouſly. longer than the 
freight ſtring G HH. The ſtring there- 
fore is lengthened by the ſtroke, and 
were "it perfectly Void of JP) it 
would continue lengthened. | 


areas however has endued the 
firing with an elaſtic power, a power 
which will induce it to n, and re. 


ſtore 
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ſtore itſelf with nearly as much force, as 

that of the body that gave the ſtroke. 
So that therefore being lengthened to K, 

as I ſaid before, it will, by its elaſticity, 
return back to I. Now the amy hien \ 


en to the daſtic foes which acts 
continually, will be continually accele= 
rated, and will drive the firing in the 
oppoſite direction to L. The elaſtic 
power may in this eaſe be reſembled to 
_ the gravitating power which we formerly 
deſcribed in the pendulum; where we 
ſhewed, that whatever heights the vibra« 
ting body falls from ori one ſide, fo 
much will it riſe on the other. In this 
manner will the elaſtic ſtring continue 
to vibrate from one ſide to the other for 
ſome time, and if perfectly elaſtic, and 
not reſiſted externally, would continue 
to vibrate for ever. And what is res 
markable enough, each of its little vibra- 
tions, like thoſe of a pendulum, will be 
1 in times ſe en to en 


222 s > 
= wi +4 * 


tho e Ker Ul 


TAE very ſame thing that is here des 
Wb concerning ſtrings, will be 
found true of all other elaſtic bodies 


5 whatſoever; like theſe, their parts give 


way, recover, and put themſelves into 
a vibratory” motion. Let us, for inſtance, 
take a ſmall bell or drinking glaſs, and 
ring them at the edge with the-finger ; 
the ſtroke of the finger preſſes the edge 
of the glaſs, and for that inſtant alters its 
form ; from a circle it becomes an ellipſe, 
in form of the dotted circle A B, (fig. 27.) 
but »upon the preſſure being removed, 
it inſtantly recovers its former figure, 
and the reſtitutive force. acting upon 
it conſtantly, it will acquire ſuch an ac- 
celerated velocity, as to drive it into the 
oppoſite ellipſe C D. Thus will it continue 
to vibrate backward and forward, from 
one ellipſe into the other, till the reſiſt- 
ances it hath to encounter, from its non- 
elaſticity, and from the external air, en- 
tirely deſtroy its motion, 


In the ſame manner will other elaſtic 


bodies change their "RR making allow- 
| ances 
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ances for the ſtiffneſs and uncompliancy | 
of their matter or figure. The parch- 

ment of a drum becomes alternately con- 
cave and convex; an ivory billiard ball, 
let fall upon earth-ſtone, becomes an 
ellipſoide by the fall, but ſoon alters its 
; igure . 142155 


By 1 Wei it may be thus obj eted: : 
How do we know, that an ivory ball, 
| which to all appearance is compoſed. of. 
parts ſtiff and uncomplying, does thus 
yield to the impreſſion, and then recover 
its former figure? An experiment will 
prove that it yields. Let a ſmooth mar- 
ble hearth-ſtone, or ſuch like, be ſmeared 
ſlightly over with oil, and then let an 
ivory ball be dropped upon it, and it will 
leave a pretty broad ſpot upon the ſtone. 
Now i it will be owned, that this ball upon 

the fall would touch the marble only in 
a ſingle point if it were inflexible, but 
by yielding, it levels a part of its ſurface 
to the preſſure it receives from the ſurface 
of marble, and marks it with the im- 
preſſion as before. | 

FROM 
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Fon hence we may gather, chat all 
eldflie: bodies, how different ſoever their 
£ figure, yet: exert this force in the fame 
manner; that ani elaſtic ſtring fund: an 
elaſtic ball reſiſt preſſure juſt alike, and 
take the ſame methods to recover their 

former ſhapes. And from hence we may 

"infer, that an elaſtic ſtring or body, when 

gthened or dilated; recovers:irs former 
: Nodes with an accelerated velocity : 
thus the firing in returning fron K, was 
uniformly. accelerated till it came to 12: 
thus in the figure repreſenting a bow ³ 
_ firing; the arrow would not quit the bow 
till the ſtring arrived at the middle point, 
where it — its e . 


1 NG Yana Shove the manner in 
which an elaſtic body reſiſts preſſure, 
it is now time to meaſure the quantity 
of motion received-and communicated by 
elaſtic bodies that ſtrike each other; and 

as it is impoſſible! to throw that degree of 
perſpicuity into this ſubject which I 
conld wiſh i in the _—_ to which I have 
2 on 
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confined. myſelf, I ſhall adopt Heſſbum's 
manner, which, though ſome may 
think difficult, is allowed to be the beſt 
and plaineſt yet publiſhed. In eſtabliſh- 
ing the theory of which we muſt ſuppoſe 
the bodies perfectly elaſtic, and all ex- 
ternal reſiſtance from the air taken away. 
In the ſhock of elaſtic bodies, nature 
follows the very ſame laws as in that of 
non- elaſtic bodies, but with this differ- 
ence, that elaſtic bodies fly off after 
the ſhock with as much force as that with 
which they came together, whereas if 
they were non-elaſtic, they would deſtroy 
each other's motion entirely. The rule 
for determining the quantity of force in 
elaſtic bodies, after the ſtroke, is this. 


Let the two firiking bodies be firſt con- 
Adered as non-elaſtic, and let the force of 
each body after the firoke be found, as alſa 
the force communicated from the one to 
 Fhe other. Then as they are elaſtic, let 
this force be ſubducted from that of the 
Jriking Body after the Ws and added to 

Vor. 4. 5 that 
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that of the body which recei 
and the gare will be the force of the 
 Briking body, and the ſum the force 4 the 
e after A ke 


whatever force the bodies ſtruck each 
other, by virtue of their weights and 


fwiftneſa, they will recede as much by 


virtue of their elaſticity, and throw one 
another eontrary ways, each with a quan- 


tity of force equal to that which the ſtrik- 


ing body communicates to the other; for 
Which reaſon, if that force be ſubducted 

from the force remaining in the ſtriking 
body after the ſtroke, as being contrary 


thereto, and added to the force of the 


other body after the ſtroke, as conſpiring 
therewith, the reſidue and ſum will 


give the * of che bodies after ce 


* | 


TERRE PR ek ct mill be 
better underſtood, by making particular 
applications. If two equal bodies meet 


ed the role | 
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dne another with equal forces, they will 
be reflected back with the ſame forces 
and the ſame velocities wherewith they 

approached, For if non-elaſtic, they 
would upon the ſtroke deſtroy each 
other's force; but by the rule each of 
them muſt, on account of elaſticity, re- 
ceive as much as they gave; and the 
forces which are thus received by the bo- 
dies being equal, muſt carry the bodies 
backward with the ſame equal force 
wherewith they approached. Bree 


Ir a body perfectly elaſtic, Arikes 
another of equal magnitude at reſt, the 
ſtriking body will communicate all its 
force to the other, and remain at reſt itſelf. ' 
For if they were non-elaſtic, the ſtriking 
body would upon the ſtroke communicate 
half its force, (as may be eaſily calculated;) 
and by the rule now laid down, a quantity 
of force, equal to that communicated, 
muſt be ſubducted from the ſtriking body, 
and added to the motion of the body 
which receives the ſtroke, by which means 
| 0 2 5 te 
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che ſtriking body will have no force let: ; 
but the other will have a quantity of force 
| equal to what the ſtriking * had before 
the — 


ole two elaſtic balls be unequal ; for 

Lk if one be double the other, and 
if the greater have nine degrees of 
velocity and the leſſer be at reſt, they 

will both move forward after the ſtroke; 
the ſtriking body with one third of the 
force which it had before the ſtroke, and 
the other with two thirds; and the 
velocity of the ſtriking body will be 
three, and of the other twelve. For 
ſince the ſtriking body is to the quieſcent 
' as two to one, if non-elaſtic, it would 
communicate one third of its force; and 

being elaſtic, a quantity of force equal to 
what is communicated, muſt be taken 
from the force remaining in the ſtriking 
body, and added to the force of the 
other; conſequently the ſtriking body 
will retain one third only of its force, 
the other two thirds being communicated 


WW: 
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to the body which receives the ſtroke ; 
wherefore, ſince the ſtriking body weighs 
double, or is two, and its velocity nine, 
its force muſt be eighteen, one third of 
which, to wit, fix, it will retain after: 
the refleftion, and the other two thirds, 
to wit, twelve, will be the motion of the 
other body; and theſe motions being 

divided by the bodies, will give three 
and twelve for the quotients ; which 
quotients are as the velocities of the 
e after reflection. | 


On the other hand, if a ſmall elaſtic 
ball ſtrikes a larger at reſt, let us ſuppoſe 
the ſmaller ball to have nine degrees of 
velocity, and weigh one pound, — 
larger, which is at reſt, to weigh twc 
Pound, The force of the ſmaller will be 
nine, and it would, if non-elaſtic, com- 

municate two thirds of this force upon 
the ſtroke to the greater, and only one 
third remain in it which is the ſtriking 
ball. Now o on account of the elaſticity, 
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we muſt ſubduct from this 110 
as much feree as was communicated, 


. TRE two thirds ; but upon ſubduct- 


ing two thirds from one third, there will 
remain one third negative, which ſhews 
that the ſtriking ball will be reflected with 
one third of the force it had at the time 
of the ſtroke, ſo as to aſcend backward 
with a velocity of three, But the greater 
ball, to which two thirds of the ſtriking 
ball's motion was eommunicated by the 
ſtroke, will likewiſe, on account of the 
elaſticity, receive two thirds more, ſo as 
to be carried forward with a force equal 
to what the ſtriking ball. had at the time 
of the ſtroke, and ons third more; that 
is ty ſay, with a motion which is as twelve, 
which: being, divided by two, the weight 
of the ball, gives ſix for the velocity 
with EIN ball will recoil, 
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1 two . elaſtic bodies move in the 
nx direction, and in ſuch a manner as 
that one may overtake and ſtrike the 


other, upon the ſtroke, they will ex- 
chan ge 
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change their quantities of force with each 
other. For inſtance, if the force of the 
ſubſequent body before the _ ſtroke be 
double the force of the preceding body, 
then will the preceding body after the 
ſtroke, have double the force of the ſub- 
ſequent body after the ftroke; and the 
preceding body after the ſtroke, will 
move with the ſame velocity the ſubſe- 
quent body moved before the ſtroke; 
and the ſubſequent body will, after the 
ſtroke, be carried with the velocity of 
the preceding body before the ſtroxe: 
ſo that upon the ſtroke the bodies will 
exchange their forces; but as the weights 
of the bodies are the ſame, we may in 
other words ſay, they will exchange their 
velocities. For let us fuppoſe the ſam of 
the forces to be three, and as the bodies 
are equal, the force of each after the 
ſtroke, if they were non-elaſtic, would be 
one and an half, and the force communi- 
cated would be one and an half; and ſo 
likewiſe will the force ariſing from elaſti- 

city, which being deducted from the 
„ Gs - force 
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Force which remains in the ſtriking body 
after the ſtroke, and added to that of 
the preceding body, leaves the force of 
the former as one, and the latter as two, 
ſo that after the ſtroke the forces wil 
be 3 . 


Ir the bodies be unequal, and move 
the ſame way, their forces and velocities 
after the ſtroke, may in like manner be 
diſcovered by the help of the rule. For 
inſtance, if the ſubſequent be two pound, 

and have twelve degrees of force, and 
the preceding be one pound, and have 
three degrees of force; the force of the 
ſubſequent body after the ſtroke will be 
eight, and that of the preceding body 
| ſeven; and the velocity of the former 
will be as four, and that of the latter as 
ſeven. For the ſum of the two forces 
before the ſtroke being fifteen, and the 
bodies being as one and two, the force 
of the leſſer body after the ſtroke, if 
non=-elaſtic, would be five, and that of the 
greater ten. Byt- the force of the leſſer 
body: 
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body, before the ſtroke, was three, con- 
ſequently the communicated motion is 
two. Now adding ſo much, on account 
of elaſticity, to the motion of the leſſer 
body, and fubducting as much from that 
of the greater body, we ſhall have eight 
for the motion of the greater, which 
being divided by two, the quantity of 
matter in the greater, gives four for its 
velocity; and we ſhall have ſeven for the 
motion of the leſſer body, which, be- 
cauſe the weight in the leſſer is one, 
08 likewiſe . the velocity. | 


Ir two bodies meet each othes with 
man forces, if their weights be equal, 
they will both be reflected, and each of 
them will recede with the force and 
velocity wherewith the other approached; 
that is, they will exchange their forces 
and velocities. For let us ſuppoſe the 
motions of the two bodies to be as ſix 
and three; if they were non-elaſtic, the 
body which has the ſmalleſt quantity of 
force, would upon the ſtroke be turned 
5 back, 
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back, and the two bodies would be tar- 
ried with the difference of their forces 
divided equally between them; that is, 
the force of each weuld be as one and 
an half, and the-- force : communicated 
would be as four and an half. But a quan- 
tity of force, equal to what is communi- 
cated, muſt be ſubducted from the force 
remaining in the ſtriking or greater 


body, and added to the force of the 


other; that is, four and an half muſt be 
ſubducted from one and an half, and like- 
wiſe added thereto, whereby there will 
be three negative for the force of the 
ſtriking or greater body; which ſhews 
that it will be carried back with a foree as 
three; and there will be ſix poſitive for 
the force of the other body, which ſhews 
that it will be carried with a force which 
is as fix, in the direction of the ſtriking 
body before the ſtroke, that is, it will be 
reflected; fo that each of them will be 
carried back with the motion wherewith 
the other 1 rnd 


ly 
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Ix the balls be unequal and meet each 
aber with unequal forces, their forces 
after the ſtroke may in like man- 
ner be determined by the rule. For 
inſtance, if two bodies, one weighing 


two pound, and with fix degrees of 


velocity, the other weighing one pound 
with three degrees of velocity, and theſe 
ſtrike each other in oppoſite directions; 
in this caſe, the greater ball will upon 


the ſtroke loſe all its. force, and the 


ſmaller will be reflected with the dif- 
ference of their forces. For ſuppoſing 


them non: elaſtic, the force in the larger, 


which is two, multiplied by ſix, makes 
twelve; the force of the leſſer, which is 


one, multiplied by three, makes three. 


The difference therefore of their motions 
is nine, and this being divided between 


the bodies, in proportion to their quan- 
| tities of matter, gives {ix for the motion 


of the larger, and three for that of the 
ſmaller; now by reaſon of their elaſticity, 


à force equal to what is communicated by 


the ſtriking or * body to the other, 
which 
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which i in this caſe is ſix, muſt be taken 
from the force of the greater body and 
added to that of the ſmaller, which two 
forces being ſix and three, the remain- 
der, after ſubduction, which expreſſes 
the force of the greater body, will be 
nothing, and the ſum ariſing: from the 
addition, which expreſſes the motion of 
the ſmaller . Oy nine. 


ALL FOR ad; og aſſerted he 
from theory, will, upon experiment, be 
found to anſwer pretty nearly. The 
bodies made uſe of in ſuch admeaſure- 
ments are ivory balls, which diſcover 
the greateſt elaſticity. They are hung 
upon ſtrings like pendulums, and then 
let fall from determined heights, which 
heights are adjuſted by a ſcale, The 
height from which the body falls repre- 
ſents its velocity, the weight and height 
together repreſents the | bogs force. 


K ** has been aid af two elaſtic 


bodies, will be found 0 to ohtain in 
the 


A 
_ 1 * 
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the ſhock of ſeveral. For ſuppoſe ſeveral 
hung up contiguous to each other, 
| (fig. 28.) and the ball 1, be let fall by 
a ftring 1 upon ball 2, the ſtroke will be 
immediately and almoſt inſtantaneouſly 
'communicated through the whole range 


of balls, and ball 8 will fly off to a, which 


is an height equal to that from whence 
ball 1 fell. If inſtead of one ball being 


let fall, we ſhould drop two in the ſame 


manner, then ball 7 and 8 would both 
fly off to the ſame heights from whence 


ball I and 2 were let fall. In the ſame | 


manner, if we let three fall, three would 


fly off on' the oppoſite ſide, and thus of 


any number whatſoever. The reaſon of 
all this is ſufficiently apparent; for if we 
only recollect that each ball, when ſtruck, 
alters its figure into an ellipſoide, and by 
this means ſtrikes againſt that next to it, 
this other communicates the ſame to the 
next, that again to its contiguous ball, 
and ſo on through the whole range, till 
the laſt ball meeting with none other to 
reſiſt it, flies off with the motion of the 


ſtriking 
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ſtriking ball leaving chat and the inter- 
mediate ones at reſt. 


TAE force will be thus communicated 
if the balls are equal; but if the ſtriking 
ball be leſs than the balls at reſt, and if 
theſe increaſe in weight one above the 
other in proper order, the force in the 
laſt ball that flies off, will be conſider- 
ably greater than that of the ball which 
firſt made the ſtroke; and this force may 
be increaſed to any degree whatſoever. 
For let us ſuppoſe but two balls only, the 
ſmaller ball muſt upon the ſtroke, if it 
were non; elaſtic, communicate more 
than half its force to the greater ball, and 
there muſt likewiſe be, on account of 
elaſticity, as much more ſubducted from 
the ſmaller ball, and added to the larger; 
wherefore, ſince two equal quantities 
of force, each of which exceeds half the 
ſmaller ball's force, are to be ſubdued 
from the ſmaller ball, and given to the 
larger, it is plain that the ſmaller muſt loſe 
all its motion and ſomething more, that 

: | is, 
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is, it muſt recoil back, and the greater ball 
muſt go forward with more force than 
was in the ſmaller at the time of the 
ſtroke, that is, its force will be augmented. | 
Now therefore, if a force be conimuni- 
cated from a ſmaller elaſtic body to a 
larger, by means of ſeveral intermediate 
bodies each: larger than the other, the 
motion will be augmented in each of 
them, and the motion of the laſt will 
greatly exceed that of the firſt; and this 
force will be conveyed with leaſt diminu- 
tion, if the weights of the bodies riſe 


above each other ſo that the laſt be as 


much greater than the former, as that 
is exceeded by the foregoing. As an 
inſtance how prodigiouſly force may be 
_ augmented by being ſucceſſively com- 
municated through a range of bodies, 
increaſing in this progreſſion : If twenty 
elaſtic bodies be placed one after another, 
each ſucceeding body being twenty 
times greater than that next it, and if 
a force be impreſſed upon the ſmalleſt 
body, the laſt body will fly off with a 

3 force 


force two hundred thouſand times 
greater than that with which the ſmalleſt 


body firſt ſtruck the range. If we 
mould ſuppoſe a cannon ball, ſhot from 
| its culverin, to be elaſtic, and ſtriking 


with all its force a range of balls, in- 
creaſing in the proportion above men- 
tioned; what an amazing effect would 


it not have. But ſuch a ſwiftneſs would 


quickly deſtroy itſelf; the. ball, from the 
reſiſtance of the air to its paſſage, would 


fly into a thouſand pieces; for no ſtroke 


that we have an idea of, could equal 
that with which the air, however yield- 


ing it may appear to us, would act upon 
a body thus violently carried againſt it. 


bee hi phys 
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MF w E power which man FE dads 
We . that one body bas of communi- 
eatin; ; its motion to another, has taught 
him to make uſe of ſome bodies to re- 
move others which he finds neceſſary | 
or proper to be removed. A weight 
greater than what his natural ſtrength 
could manage, without ſome ſuch contriv- 
| ance, could never be lifted from the 
earth; he finds himſelf therefore obliged 
to call in the force. of inanimate nature, 
in making ſuch alterations as his plea- | 
ſures or neceſſities may require. By 
means of levers he lifts weights much 
greater than his ſtrength could over- 
come; with the axle and wheel he can lift 
them to greater heights; with the pulley 
to greater ſtill; the ſcrew, if it eould 
| move without friction, would give him 
greater force than any of the reſt; but a 
machine compoſed of all theſe united, 
would increaſe his ſtrength to a degree 
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e credit. Biſhop Wilkins, ina 
work of his called Mechanic Magic, 
aſſerts that he could pull up an oak by 
the roots with a ſingle horſe hair ; and 
fo indeed he could, if the parts of the 
machine did not rub againſt each other, 
and thus retard the moti n. However, 
even as it-is, we ſee ſuch weights re- 
moved and raifed to conſiderable heights, 
as would, to an unexperienced ſavage, 
appear the work of enchantment. Nor 
were the ancients without a great 
knowledge in this art, of increaſing 
human irength | by machinery. „he 
ſtones which we ſee laid upon the tops 
of the pyramids of Egypt, each of which 
is as big as a ſmall houſe, create. even the 
wonder of a modern machiniſt, "and 
teach nim to reverence the ſuperior |; arts 


£.& \ Fas i wt 422 * « 7 
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W come now therefore to. explain 
the manner in which human ſtrength i is 
thus affiſted, and the inſtruments made 
ole Theſe are called 

1 mechanic 


ix in number; namely, the lever, the 
wile. and wheel, the pulley, the ſcrew, 


the wedge, and the inclined plane. Such 


is the number uſually reckoned; ſomie 
| howEver mention the balance among the 


mechanic powers, and omit the inclined 


plane; a Frenchman among the moderns 
adds another mechanic power, which he 
ralls La Machine Funiculaire. It mat - 
ters little what number of mechanic 


powers we make, it is ſufficient if we 


deſcribe them all. Were whatever in- 
ſtrument encreaſed human force in 


moving or raiſing bodies by machinery, 


to be reckoned among the number of 

mechanic powers; we might add ſtill 
another; namely, ſuch a machine as 
would convey a range of elaſtic bodies 
increaſing in the progreſſion, which has 
been explained in the former chapter; 


this and others ſtill might be added, 5 


differing in principles from thoſe we are 


| ſhortly to explain. But no matter for 


the names, let us deſcribe: the things. 


— 
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mechanic powers, and ire ſaid to be 
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"Pinan, ws we Gp et 
Ty fave anpag the. meckinic paiers; 
an though it docs not tend. to increaſe 
| human force, yet it will be the propereſt 
to be deſcribed firft, as it will ſerve to 
explain the ref}, which are omewhat 
upon Hmilar principles. © Suppoſe I take 
any thing that is next my hand, a walk- 
cane for inſtance, and attempt to 


| Eft find ſome one particular part in it 
which being ſupporteil, neither of the 
ends will prepondlerate. The very part 
of it chat reſts opon , my finger is the 
center of its weight, which being ſup- 
ported, the whole canc is ſupported. It 
z called by mechaniſts the center of gra- 
dy. If I chould remove my finger from 
this center of gravity, which 1 have thus 
13 towards either of the extre- 
ties of the cane, though but of the 
. ſmalleſt diſtance; that fide would fink 


towards the earth which had the center 


. of gravity in it. Thus no body at free- 


dom will be ſupported, _ unleſs - the 
Oy 3 


i 


balance it acroſs my finger z I fall at 


greateſt part of it weigh be ſupported, 


[ 


port the cu of gravy all. f Rs 


Bo thongh 1 des hes bene a | 
ne with ſome. ſwall difficulty, yet all 
bodies whatſoever that are at reſt, are ba- 
lanced in the ſame manner; their centers 
of gravity are ſupported upon ſome baſe 
or prop, which keeps them firm, and 
the wider the baſe is on which the body 
is ſupported, the more difficulty will: 
that body be overturned. ' For in order 
to this, I muſt firſt puſh the center of 
gravity, or in other words, the greateſt: 
half of the body's weight, from off the 
| baſe or prop, before the body can become 
top heavy; and it is plain, that it will 
be harder to lift the half of the body's: 
weight over a large baſe than a ſmall 

one. If a caſk be placed upon one of i its- 
ends, for inſtance, it may require great 
ſtrength to overturn it, becauſe I muſt 
puſh the center of gravity beyond its 
baſe, which! is broad; but if the caſk lies 

4 P 3 on 
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{| ©, aan ſide, [ can. roll .it over MEN eaſy, 
„„ becauſe the narrow baſe touches the 
. ground but almoſt in a Point, and 
therefore the centre of gravity may 

eaſily be puſhed beyond it. For this 

| reaſon it is that a cylinder, or body 
 - ſhaped like a rolling ſtone, makes many 
= | turns as it deſcends down an inclined 
| plane, for the center of its gravity falls 
- continually beyond the nartowneſs of 
the baſe; while on the contrary, if the 
ſame body were made ſquare, and con- 
ſequently with a large baſe, it would 
either not deſcend at all, or it would 
_  Nide down without being once vers 

turned i ”R the be RY 


ry 


; bY: 1 himfelf may 10 en as 
& body thus balanced: if his center of 
gravity reſts upon his feet he can ſtand; 
but if it is throwyn beyond this ſupport, 
he muſt inevitably fall. A man with 
a burthen at his back muſt lean forward, 
for ſhould. he attempt to retain his 
oe rectitude of fi BUF, his center of 
* EE >. | 


conſequently | fall backward. With 2 
burthen on his breaſt, he in the ſame 
manner counter-balances the weight by 


altering his figure 3 in the oppoſite poſi- 


* 9 


tion. Almoſt in every inſtance of his 
motions, he is , obliged to make uſe o J 
theſe balancing arts to keep himſelf up- 
right ; and it is uſually the ſtudy of a 
fine painter to known how far the 
human figure may be bent, without its 
abſolutely loſing the center of i its gravity. 
Da Vinci, one of the firſt painters after. 
the revival of the art, has laid down rules 
upon this ſubject; ſucceeding painters 
have. improved upon his plan: Dom- 


| ponius. Gaurie, an Italian ſculptor, . who ; 


wrote a Latin treatiſe upon this ſubject, 
thus admirably expreſſes himſelf: Omne 


corpus, niſi extrema ſe eſe undique conti- 


neant, Ibrenturgue ad centrum, collabatur 
ruatque, neceſſe eſt. * Every body muſt. 


| neceſſarily fall, unleſs it unites togethier 


in the center of all its extremes, and theſq: 


are balanced againſt each other.” What - 
5 P 4 ever 


. 
LY ** 8 
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gravity would be altered, and he muſt 
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as A Syzyzy, PR 
ever weight, faith W atelet, the human 
| figure is repreſented a$ lifting, we are 
by no means to eſtimate it by its ſize, 
and fo, to make it appear more Ponderous, 
to draw it more large; no, we are to 
throw the whole effect of its weight i into 
the figure that is ſuppoſed to lift it, and 
diſtort the animal form as much from 


8 the natural poſition, Ke the weight is 
Kppo 80 to be berg. TOY 


my” | vp hf 


IX N general the human vac and every 
other whatſoever, will ſtand moſt firmly 
Where : the baſe is broadeſt, and bears 

every part of the weight moſt equally; or 
in other words, where the center of 
gravity lies moſt exactly over the middle 
of the bafe.” For this reaſon, a man when 
he wreſtles, erally widens. his legs 
In order to widen his baſe, and thus 
prevent Bis antagoniſt's ſtrength from 
Fer the center of his gravity. , 


F 


„ $ 44> & 
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Rus we PI man and all other bodies 
— Vnlanged —_—_ their centers; the bodies 
| which 


chich have the largeſt baſes, and bear 
the incumbent weight moſt equally, are 

moſt firmly fixed; on the contrary 
thoſe which have the ſmalleſt . baſes, , or 
whoſe badies are 1 upported but upon 2 
point, are leaſt firmly placed, and may 
be overturned with the leaſt ſenſible 
alteration, Now ſuppoſe we ſhould place 
2 wooden beam, with 1 its center of gra Tt ö 
reſting upon the point of an upright 
needle, this would not fall; for as the 
center of gravity is ſupported, ſo likewiſe 
would the whole of the beam be. A gain, 
ſuppoſe the beam, thus wavering at every 
touch but ſtill balanced upon the Point, 
to be twice as long on one ſide as on the 
other; that i is, ſuppoſe it one yard long 
on one ſide of the ſupporting point, 
(fig. 29.) and two yards long on the 
other. To it, thus balanced as it is, 
let us hang equal weights at either end, 
a pound at one end, and a pound at the 
other. The balance will now entirely 
be deſtroyed; the weight at the longer 
end, A is two yards, will inſtantly 
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rep nderate,. dal What's to be muc h 
heavier than the other. Why?” The 
uſual ſolution is this. Suppoſe the : weight 

t tlie longer end B, deſcends to To It 
Will deſcribe a ſpace equal to B S. while 
> the weight at the ſhorteſt end A, will at 
che Karte time rife only to D, and deſcribe 
A WBteer pace equal to. K Y. The weight 
therefore, which deſcribes. the largeſt 
, if have the, greateſt yelocity, 

But the force of all. bodies i is compoſed 
Bo of. the velocity an d Leicht and as B 

Bath as, much weight as A , and : a. much 

greater velocity, it will | therefore A 

- greater force, and ee gpt-ha- 

1. lance 1 Its antogonaly, 


\ 5 | | 'C 
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ron ne caly beagle > FOR 
they, the whole of mechanics depends; 4 
0 that T two bodies are ſulpended at 
each end of a beam, or any machine 
| whatſoever, | | 2:6 the one be as much 

| ſuperior in its velocity, as the other. ex- 
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each Ute: j ** the velocity be greater in | 
gl pro» 
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pr that- fide will link; on the 
other hand, if the weight be greater in 
proportion, that will preponderate, Ag. 
for example; If the ſide or arm A of 
| the beam be one yard to the prop F, 
While the fide or arm B is two yards; 
as B has thus twice the velocity of A. 
I muſt make A twice the weight to 
counterpoiſe B. I B H one pound, I 
muſt make A two pounds, to keep the 
balance equal. 80 that univerſally to 
make a li ghter body out-weigh an 
| heayy one, it is but to make up the 
defects of its. weight by increaſing its 
Velocity. Thus one pound, if it has 
twice as much velocity, or in other 
words, be twice as diſtant from the prop, 
it will balance a body that is twice as 
heavy ; as itſelf. A. weight of one pound, 


it it be twelve degrees diſtant from the 


: . will balance a weight of h 
85 en 3 18 but one e degree 1 


oy COMMON. i. pair of ſeales-i 15 4 
| ſuſpended apo a Point e or axle, and i its 


arms 


8 7 8 ü R * ET : of * 
hw are equally long, and equally 
heavy; ſo that the velocity on both ſides 
is the fame, and alſo the weight is the 
ſame; and conſequently all bodies of 
equal weights put into either ſcale, . will 
halance each other. But this, as I ſaid 
before, will 'not happen, if one arm of 
| the” inſtrument were longer than the 
other ; for then that at the longeſt end 
bing * n On X 2050p 
| N 
| Tur fedtyard i is an inflequocnt of this 
kind, contrived for weighing bodies by 
a ſingle weight, whoſe velocity or diſ- 
tance from the prop, we increaſe in pro- | 
portion to the weight to be known. For 
if a ſcale hangs at A, the extremity of 
the ſhorter arm, and is of ſuch a weight 
as will exactly counterpoiſe the longer 
arm C; if this arm be divided into as 
many parts as it will contain, each equal 
to AB, the ſingle weight P, which we 
may ſuppoſe to be one pound, will ferve 
* N 1 ching a8 wy as itſelf, 


4 f Or 


5 Thus we ſee that one pound, at 
8 
pound at the * of one. 


Y 
LE ; 


ani have uſually explained this ſub- 
ject; and it muſt be owned that in 


x practice it anſwers pretty exactly. Not- 


withſtanding this, Newton, ſagacious in 


ſhewn here, was obſcure and unſup- 


ported; he therefore gave a theory much 
more difficult, though much more ſatisfac- 
tory. Mr. Varignom and Mr. D' Alembert 


| are equally diſpleaſed with the former the- | 


_ ory. We have nat, lays the latter, a fingle 
work on mechanics,” in which the 7beory 
i proved with the exatiitude it requires. 
In fact, to eſtabliſh the former theory, 


we are obliged 'to ſuppoſe two bodies 
equally at reſt to have ſuperior . velocity 


one above the other; though, when we 
are aſked what velocity means, it only 
1 N ſignifies 
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or yer many. times heavier ben itſelf, 
as there are diviſions in the arm _ 
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8 * going through more ſpace 
in che ſame time. Nor is it not evident 


that - at- the 
: ugh any ſpare. at 


all, and therefore e velocities muſt 
be equal. 80 that ſuperior velocity 
cannot be brought to prove why one 
body firſt begins to preponderate againſt 
its antagoniſt of equal weight, yet this 
is what we defire to know. The theory 
therefore muſt be built upon another 
foundation; perhaps it may be ed 
neee ene 


Was AT I defire to know? is, why a beam, 


with one arm longer than the other, and 


which being placed upon a point or prop, 
is exactly balanced; why, I fay, whert 
thus balanced, if 1 hang equal weights 
at either end, the beam ſhall no longer 
continue in balance, but the longer arm 
thall preponderate? To explain why 
this is ſo, it muſt again be repeated, 
What was ſaid of the center of gravity; 


"4 1 87 all bodies ſtood moſt firm when the 


baſe 


ie as, largeſt, _ he: center, ho 
— Was placed moſt exacth over the 


middle. of the baſe. The nearer. the edge 
of the baſe the center of gravity, fell, 
as Was said then, the readier would the 
| body be to fall. If the center of gravity 


fell juſt without the baſe, the body would 


effectually tumble, though only with "= 
much velocity, as the reſiſtance of the 
baſe, which tends to keep it upright, 


is exceeded by the power that cauſes it 
to deſeend. Thus the body may be ſup- 
poſed as acted upon by two contrary 
forces, and the velocity muſt be in pro- 
portion to the exceſs of one force above 
the other; but ſmall; becauſe the differs 


; ence. between the gravity and the reſiſt 
_ ance is ſuppoſed to be juſt begun. No] 


if the center of gravity fell ſtill farther 
beyond the baſe, the reſiſtance of the baſe 


to the body's. defcent would be {ill leſs 


for as we ſaid, the baſe gives moſt reſiſt= 


ance when the eenter of gravity is in 


the middle, and therefore the farther 


the center of Sravity is removed. tom 


its 
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us: aids, ata es a clſtngs will lt 
give; therefore the body will be 
more ater upon by the power - -which 
cauſes it to deſcend, and it will tumble 
with: greater velocity. 80 that · in general 
de may conclude,” the farther the center 


of ' gravity falls beyond the i fe 
155 you the Ferifter will be its e 


„AE this beg premiled; if 1 now 


Inquire why a ſmaller weight C, pre- 


| Ponderates in the balance, though | op- 

Poſed by a great one A; 1 anſwer, be- 
cauſe the center of gravity in the beani, 
falls to a greater diſtance on the pre- 
ponderating ſide C, than A. For let 
us ſuppoſe the beam F, without its 
weights, but balanced upon its baſe, 
which is but a point. Now if I ſhould 
Hang à pound at A, this would throw 
the center of gravity, which was before 
at F, nearer to A, and far beyond the 


baſe; fo that A would preponderate. 


In order to oppoſe this therefore, I muſt 
Kang « an equal weight of a pound at an 


equal : 
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equal diſtance from the baſe on the 
oppoſite ſide at E, which will throw 
the center of gravity as much beyond 
the baſe that way, ſo that the center in 
this caſe, actuated by two equal forces, 


will ſtill remain ſuſpended over the 


middle of its point or baſe F. But again, 


if we place this equal weight at more 


than an equal diſtance, ſtill farther to B, 


it is evident that it will overcome its 


antagoniſt, and remove the center of 
gravity at a greater diſtance from its baſe, 
and that therefore the body muſt fall that 


way; and conſequently, as we ſaid 


above, with the greater velocity. We 
may therefore conclude univerſally, 
that if two equal bodies be balanced 
upon a point, and each equally diſtant 
from it, if one of them be removed at 
a ſtill greater diſtance, it will endeavour 
to deſcend with greater velocity, the 


farther its center of gravity falls beyond 


the baſe or point on which it reſts. Ini 
other words, the baſe or point is thus 


rendered more diſtant, and conſequently 
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leſs capable of contributing to the body 5 
* 

Bac ox all chat has been here ſaid, we 
4 length perceive the weakneſs of the 
former theory, and we now ſee that a 
{mall weight out-balances a greater, 
not becauſe it has. a greater velocity, 
but becauſe the prop, which in ſome 
meaſure ſupports both, ſuſtains a greater 
part of the large weight that is near, 
than of the ſmall weight that is farther 
off. That the body placed at the longer 
end, when put into motion, hath more 
velocity, is moſt certain; but this velocity 
was nothing when the bodies were in 
equilibrium, and therefore could never 
deſtroy that equilibrium: velocity is the 
conſequence of motion, not the cauſe. 
If it be ſaid, that the body had a poten- 
tial, or, as Leibnitz expreſſes it, a virtual 
velocity, though not yet exerted; this 
is only ſaying in a dark and unintelli- 
gible manner, what we have endeavoured 
to throw into greater ſun- ſhine. 
_ 5 1 THIS 


Experimental | Philoſophy. _ 7 : 


Tuts theory may; with great eaſe, be 
applied to the ſolution of ſeveral more 


: complex propoſitions. As for inftance, 
if a man, ſtanding in one ſcale of a large 
pair of ſcales, and balanced by weights 


in the oppolite, ſhould extend his arm, 
and preſs the beam upward with his 
hand, towards the middle, this preſſure 


would take effect, although his feet 
ſeem to preſs downward as much as his 


hand upward; this preſſure upward, I ſay, 


would raiſe the ſcale in which he ſtands. 


For (to diſpatch it in a few words) by 
extending his arm nearer the prop, he 
brings the general centre of gravity more 
within the baſe. It is partly owing to 


this, and partly to the elaſticity of the 


muſcles employed in the preſſure above, 
while the muſcles below have leſs 


employment, and conſequently leſs 


elaſticity. 


THis theory will ſerve to explain the 
proportions that muſt be obſerved in a 
balance, where one or both the arms 
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are crooked. All the mechanic powers 
may be reduced to the balance, this 
theory may therefore, by ſome attention 
in the ſtudents, be applied to them; it 

is enough here to explain the principle; 
| ſuch as are fonder of calculations than 

5 am, 2900 axon drome 27 827 
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Tu mechanic power Hoſt allied to 
the balance, and in fact, ſcarce differing 
from it, is the Lever. A lever i is a bar 
of iron or wood, one part of which being 
ſupported. by a prop, all other parts 
turn upon that prop as their center of 
motion. This inſtrument ' is of two 
kinds. Firſt, the common ſort, where 
the weight we delire to raiſe, reſts at 
at one end of it, our firength is ap- 

plied at the other end, and the prop is 
between both. When I ſtir up my 
fire with the poker, 1 make uſe of 
this lever; - the poker is the lever, it 
reſts upon one of the bars of the grate 
as a- prop, the incumbent fire is the 
weight to be overcome, and the other 
* = 22 | end 
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end 1 hold in my hand, which, is the 
ſtrength or power. In this, as in all 
the reſt, we have only to increaſe the 
diſtance between the ſtrength and prop, 


to give the man that works the inſtru- 


ment greater power: the reaſon has 
been r en at . . 


44 Tas des af the ſecond kind, * the 
prop at one end, the ſtrength is applied 
to the other, and the weight to be raiſed 
reſts between them. Thus in raiſing the 

water plug in the ſtreets, the workman 
puts his iron lever through the hole 


of the plug till he reaches the ground on 


the other ſide, and making that his prop, 
lifts the plug with his ſtrength at the 
other end of the lever. In this lever 
alſo, the greater the diſtance of the prop 
from the ſtrength, the — is the 
workman's power, | 


Tuner inſtruments, as we ſee, aſſiſt 
the ſtrength ; but ſometimes a workman 
is obliged to act at a diſadvantage, in 
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raiſing either a piece of timber or a 
ladder upon one end. We cannot, with 
grammatical propriety, call this a /ever, 
ſince ſuch a piece of timber in fact 
no way contributes to rarſe the weight. 
In this caſe, the man, who 1s the ſtrength 
or power, 1s in the middle, the part of 
the beam already raiſed is the weight, 
the part yet at the ground is the prop, 
on which the beam turns or reſts, Here 
the man's ſtrength will be diminiſhed, 
in proportion to the weight it ſuſtains. 
The weight will be greater the farther 
it is from the prop, therefore the man 
will bear the greater weight the nearer 
he is to the prop. | 


THe ſecond mechanic power is the 
axle in the wheel, in which the ſtrength 
is applied to the circumference. of the 
wheel, and the weight to be raiſed is 
faſtened to one end of a rope, whoſe 
other. end winds round an axle, that 
turns with the wheel. (Fig. 30.) This 
inſtrument is more commonly uſed with 

an 
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an handle: thus, to wind up a jack I 
turn the handle, which coils the cord 


round the axle in the middle: to wind 
a bucket from a well, I do the ſame- 


thing; to wind up my watch, the ſame: 
the handle in all theſe is in the place of 
a wheel, and the farther this handle is 
from the center, the axle, on which the 
whole weight is ſuſtained, the more 
powerful will it be. Or if it be a wheel, 
the more its diameter exceeds the 
diameter of the axle, the greater will be 


its power. Thus, if the wheel be eight 


times as wide as the axle is thick, it will 
have eight times the power; and a man, 


who by his natural ſtrength, could only 


lift an hundred weight, by this machine 
will be enabled to lift eight hundred. 


OE circumſtance with regard to this 
machine I muſt not omit ; workmen uni- 
verſally affirm, that in raiſing weights to 


conſiderable heights, (to an houſe- top, 
for. inſtance) with an axle and wheel, 


they find the weight moſt heavy when 
Q4 . 
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firſt begin to wind, . that 1 
grows lighter and lighter as it approaches 
the axle. The reaſon of this ſeems to 
de, that the weight appended at the 
cord, when longeſt, is apt to ſwing ; and 
if we reſolve the whole machine into a 
common lever, we ſhall find that the 
Weight to he raiſed in this caſe, will, 
by ſwinging, either fall at a great 
diſtance from the prop, or it will fall 
© nearer the prop, or it will fall between 
the prop and the power, In the firſt 
and laſt caſe, its ſeeming weight will be 
augmented, in the middle caſe it will be 
leſſened. So that when the weight 
ſwings, there are two to one that the 
weight will appear augmented to the 
' labourer; and the greater the ſwing, 
the greater will this augmentation be. 


282 


THE third mechanic power is the 
pulley, which is a ſmall wheel that turns 
about its axis, and which hath a drawing 
rope paſſing upon it. In every clock, the 
two. weights deſcend upon two little 
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— bee that fall, and are 3 


up with them. In our kitchen jacks, 


the weights deſcend upon pullies i in the 


ſame manner. The pulley is either 


fixed or moveable, that is, it is either 
faſtened to ſome large immoveable piece 


of timber; thus, AA faſtened to the 


beam b, (fig, 31.) or it moves with the 


weight to be raiſed, thus; if I draw the 


cord E, that paſſes over the fixed pulley 
C, I ſhall raiſe the weight W, arid the 
moveable pulley D, will riſe as the 
might riſes, | 


| i FIXED > only that only turns on 
its axis and riſes not with the weight, 
can only ſerve to change the direction of 


the moving power, which is in all caſes 


exceedingly convenient, For inſtance; 


= if the weight W, is to be raiſed to A, 
and the man cannot readily get to it, | 


or exert his ſtrength when he gets there, 


he has then only to throw the cord B 


round the pulley fixed at A; and ſtand- 
ing upon the ground, and exerting his 
ſtrength at D, he can move the weight 


1 To. W,. to 


k 
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W. to the height A intended.” But 


though this be convenient, yet it gives 
him no additional power, for it is only 


as the beam of a balance, whoſe arms 


are of equal length and weight. Thus, 


if the equal weights W and P, hang by 


the cord BB upon the pulley A, they 
will counterpoiſe each other, juſt in the 


ſame manner as if the cord was ftreight- 


ened into an inflexible iron bar, and the 
two weights left to balance. each other 


with u the pulley for a prop. 


1 


Bur in the moveable pulley it is 


otherwiſe; for if a weight W hang at 
the lower end of the moveable pulley D, 


and the cord G F go under the pulley, 


and is fixed at the top of the hook H on 
one fide, and nailed to the block C on the 
ther; it is evident that H and C be- 

8 tween them ſupport the whole weight W; 


H ſupports one half, and C the other 
half. Now ſuppoſe I take the ſupport 


of one of their halves upon myſelf, but 


merely change the direction of my 


er and inſtead of holding up the 


cord 
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cord at C, throw it over the immoveable 
pulley fixed there, and exert my 
ſtrength below at P; it will be evident 
that I fupport one half of the weight W, 
and the hook H ſupports the other. If 
therefore I draw the cord at P, the 
weight W will continue to riſe, but 
| wherever it riſes, I continue to ſupport 
but half its weight, while H ſupports 
the other, Thus, one ſingle moveable 
| pulley diminiſhes one half of the weight 


to be raifed; if we ſhould add another, it 


would diminiſh the half of that which 
remained, and ſo on. For inſtance, if 
a weight of eight hundred pounds is to 
be raiſed, I uſe one moveable pulley, 
and that will leſſen the weight one half, 
to four hundred ; I add another moveable 
pulley, and that will leſſen the remaining 
four by one half, which is two hundred; 
if! ſtill add a third, that will leſſen the 
remaining two by one half, which is 
one; ſo that if I uſe three moveable 
pullies in raiſing eight hundred weight, 
I ſhall be able to raiſe it with as much 
eaſe, as one hundred without them. 


A 


— 
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As a FOR of pullies have no great 


| ene and lie in a ſmall compaſs, they 


are eaſily carried, and can be uſed 


in many caſes where more cumbrous 


engines cannot. They have much 
friction however, becauſe the diameter of 
their axis bears a very conſiderable pro- 
portion to their own diameter, becauſe 


they are apt to rub againſt each other, or 


againſt the ſides of the block, and be- 
cauſe the rope that goes round them is 
never — pliant, ? 


+ 


Tax next mechanic power uſually 


a is the wedge, Thoſe who 


have ſeen men cleave timber, cannot be 
at a loſs to know that the wedge is a piece 


of wood or iron, thin at one end and thick 


at the back; that the thin or trenchant 
end is applicd to. the timber to be cleft, 
and the thick end firuck upon by an 
hammer. Mechaniſts have long debated, 


and ftill continue the argument, con- 


cerning the force of the wedge. Ariſtotle 
conſiders the wedge as two common 
levers 
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levers inelined to each other, and acting 
in oppoſite directions. Guido Ubaldus 
refers it to the ſecond order of levers z 
dothers again, reſolve its action into that 


of inclined planes; and there are ſome 
ſtill, who will not allow that the wedge 
gives the ſtriker any force whatſoever. 
To ſay the truth, there are ſo many 
natural obſtructions to the illuſtration of 
a theory concerning this inſtrument, that 
it is almoſt an uſeleſs matter, to eſtabliſh a 
rule which no experiment can be made 
to confirm. The particular cafes that ob- 
ſtruct its general theory, are either the 
elaſticity of the wood to be cleaved, or 
the elaſticity of the hammer that ſtrikes, 
or of the wedge itſelf. The manner in 
vhich the wood yields to the impreſſion 
of the wedge, either in being ſplit, or 
cut through by it; for if ſplit, it only 
touches the wedge on each ſide in one 
place; if cut through, the wood lies 
cloſe to the whole ſurface of the cutter's 
inſtrument. Other conſiderations might 
be mentioned, but in ſhort, the caſes are 

- ſo 
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| fo various, that no theory can be brought 


to direct every experiment; nor no one 
experiment to confirm the theory. The 


| following method of eſtimating the 
wedge's force, ſeems liable to exceptions. 


As much as the length of the wedge 
exceeds the. width of its thick end or 
baſe, ſo much will the driver's power be 
increaſed, in overcoming the reſiſtance 
of the wood to be cleft: If, for inſtance, 
the wedge be twice as long as another 


- whoſe thick end is equally broad, the 
driver will cleave his wood with twice 


greater force with the former than with 


the latter. To prove this, if we ſuppoſe 
the wedge driven to its head into a block 


of timber, (fig. 32.) the length of the 
wedge AB will repreſent the ſpace 


the driving force is gone through; the 
breadth of the wedge DC, the ſpace 
through which it has been driven, on 


each ſide, the reſiſting force of the 
timber. Now we ſee that to drive the 


reſiſting forces through the ſpaces C 
and D, a driving power is employed, 


which 


x 
* * 
a * 1 
* 2 
3 © . . - Py 
** 4 
4 = 
* * uy 
0 ta 7. 
* FX 4 a . 
* s -- we. of s * 7 
: . 
* 
x 
* \ a 
* o 5 7 C4 4 ; 
L * 
* 
FRIED OF . W574 
as * „ 3 y 
4 
* * 9 A 4 * of — 
* od Sia, 1 be + ? 
I ; } : » : 1 4 
* - 3 2 7 * 
7 , . 4 1 
% 

f [ . is . 

' 1 4 > 


L 2 * 4 0 ö I 
N : * 5 . 
— £7 2 
11 7 / Ieh 
/ 
* 5 — = 
" * 7 1 ** Pet's y 
-. 
* 4 + * * P - 4 l ** * 
Fe 4 * * 
* : =» 
1 ; # : * 
1 . % 


% 
* 
1 
* 
1 
% * 
* 
* 
1 . 
7 
& 
g f 0 { 
* 5 
wb 
. 
— 
* * 
a * 
4 4 
; * 
* 
N ” * 
— * 
! 
* 
5 
N * -* 
' 7 
/ 
- 
7 4 4 
. 
. a 
* 
' 
* . 
« 
% . 
Lo ” 
* LO 
$45 , 
N * 
1 h 
\ E . 4 1 
o I 
* 
5 2 
- a 
1 i Y 5 
{ / 4 
* EA z 2 
; 
„ * « 
** 3 7 
7 is Y 
* 
7 ; 
- 
* - 
"> * - e v 
* 
— 5 * 
. * 
, * 
- 
ie 4 
* 
| | | | 
4 4 
* * 
i * 
1 
” „ 
4 * ' * 5 
Lo & 4.2 & " 4 8 * 
Py "IT „ „ 2; $97 > $1 7 e < 


- 
4 
4 
* 
# 
4 
ol 
. 
4 
* 
4 
- 
p 
* 


* 


3 


Au 


Experimental Philoſophy. 239 
which goes through the greater ſpace 
AB. That is, in fact, if AB exceeds 
DC, fo much will the. driving force, 


which: AB repreſents, exceed the reſiſting 

force. Or in other words, if the length! 
of the wedge be greater than its thick- 

neſs, the driver's power will alſo be 


greater than the reſiſtance of the timber; 


if the wedge be but juſt as long as it is 
thick, the driver will have A ge F 


| whatſoever. 


- 
995 TOE # 


. THE meckiads Power that comes next 


is the ſcrew, with which moſt people 


are ſo well acquainted, that it needs no 
ideſcription. With this inſtrument our 
preſſes are uſually driven cloſe together 
with ſurprizing force, and held during 


pleaſure in that poſition. It cannot pro- 


perly be called a ſimple machine, becauſe 
it calls in the aſſiſtance of the lever to 
inereaſe its force, which is uſually ap- 
plied in the manner of an handle, to 
turn its ſocket upon it. (Fig. 33.) -To 
i eſtimate the force of this machine, let us 
20 17 ſuppoſe 
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ſuppoſe that I deſire to ſcrew down the 
_ preſs G upon B; every turn I make once 
round with both handles, I ſhall drive 
te preſs only one ſpiral nearer to B; fo 
that if there be eleven ſpirals, I muſt 
make eleven turns of the handles FL, 
before I come to the bottom. In prefling 
down the ſcrew therefore, I act with a 
force as much ſuperior to the reſiſtance 
of the body I deſire to preſs, as the 
_ circumference of the circle, which my 
hands deſcribe in turning the machine, 
exceeds the diſtance between two little 
ſpirals of the ſcrew. For inſtance, ſup- 
poſe the diſtance between the two ſpirals 
to be half an inch, and the length of 
both handles 12 inches. My hands 
placed upon them in going round will 
deſcribe a circle, which upon calculation 
will be found to be 76 inches nearly, 
and conſequently this will be an hundred 
and fifty two times greater than half an 
inch, which was the diſtance between 
two of the ſpirals. Thus, if a body is 
to be preſſed down with this machine, 
| one 
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one man will preſs it wich this aue 8 


men ee "RE Or af he bree d were 


ſo contrived as to raiſe the weight inſtead 
of preſſing it, which it ſometimes is, the 
human force would be aſſiſted in the 
ſame proportion with the ſame inſtru- 


ment. But we here only talk as if the 


handles of the ſcrew were but twelve 
inches acroſs, and the ſpirals a whole 


half inch diſtant from each other ; what 


if we ſuppoſed the handles five times 
as long, and the ſpirals: five times as 


cloſe! the increaſe of the human fores 
e would * n. ! 


10 8 which 1 go by: the 
name of mechanic, powers; and of which 


alone all complicated machines whatſo- 


ever are ſuppoſed to be made up, and 
each of which act but with one power 


on the weight at a time; to theſe, I ſay, 
Mr. Varignon has added one more, 


which he calls La. Machine Funiculaire. 


This is a compoſition. of cords, many 
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of which different powers act upon one 
or more weights at the ſame time; 


And by which, from their conſpiring 


with each other, a greater force is 
| exerted than would ariſe from the ſum 
of all the cords, ſingly applied to the 
weight to be removed. They who have 
ſeen the common ludicrous method of 
placing three ſpoons upon a table each 
_ fupporting and ſupported, will bave 

ſome idea of a machine of this nature. 


Somx add to theſe powers alſo the 
| inclined plane, and indeed not without 
reaſon, if diminiſhing the weight of a 
body laid upon it can entitle it to the 
name. The properties of the inclined 
plane we have conſidered already; we 
hall only here ſay, that the more the 


plane is inclined, the eaſier a body may 
be rolled or forced up its ſurface; or in 
other words, the advantage we gain by 
it fo much exceeds the abſolute weight 
to be raiſed, as the length of the plane 


exceeds its height. — C (fig. 34.) 
= 
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be an inclined plane, and ſuppoſe its 
whole length be three times as great as 
its perpendicular height FG; in this 
caſe the roller E will be ſupported upon 
the plane, *and kept from rolling down 
by. a power equal to a third part of 
the roller's weight. A weight there- 
fore may be rolled up this plane, with 


three times greater eaſe than it could be 
lifted up directly from the Perpendicular 


Br one or more of theſe ſimple 
powers, all great weights are raiſed to 
conſiderable heights; but in them all, the 
more they diminiſh the weight, the more 
flow they are in their operations, and 
_ conſequently the more do they retard 

the workman's diſpatch ; and univerſally 
the more ſimple they are, the more ex- 
peditious. Beſides this, their friction 


or rubbing againſt each other, greatly 


diminiſhes their power. The friction in 


the balance is leaſt, it is more in the 


lever, inereaſed in the axle and wheel, 
R . yet 
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yet more in the pulley, but moſt of all 
in the ſcrew. In general, in combined 
engines, upon account of this friction, 
| Powe will require a third part more of 
power to move them, than the theory 
Aloe For this reaſon therefore, it 
will for ever be impoſſible to fulfil the 
boaſt of Viltins, who vaunted that he 
could pull up an oak by the roots with 
a ſingle horſe-hair ; for the force requi- 
ſite to work the machine in pulling it 
up, would nearly amount to a third part 
of the force which the machine exerts. 
The large capſtan and "pulley, uſed in 
launching a man of war, would in 
theory do it moſt effectually. A ſimple 
lever, drawn a proper length by the 
imagination, would do it as well; it 
would even fulfil the great boaſt of 
Archimedes, it would remove the earth 
itſelf. The learned often amuſe them- 
ſelves with fancies. like theſe; and it 
was for this that Cicero, who was per- 
haps the wileſt man, — 1 a 
trifler. 8 Sir mi ee 
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of Man, . as an arti geil 
2 Machine, 3 


A N 100 bern n by 
VI anatomilſts, as a ſyſtem of all the 
artificial machines united in the human 
fabric; they have found the lever, the pul- 
ley, the axle in the wheel, the wedge, and | 
even the ſcrew, or at leaſt ſomething re- 
ſemblingeach of them, in his perſon: thus, 
his arms have been likened to levers, his 
head turning upon its axle, the digaſtric 
muſcle that aſſiſts his ſwallowing, to a 
rope running over its pulley, the glands 
as lifting up their fluids in the manner 
of an artificial water ſcrew, and his 
teeth have been compared to wedges. 
But ſome have not ſtopt here, they have 
gone on not only to pleaſe themſelves 
with the reſemblance, but to eſtimate the 
force of man through all his vital and i in- 
voluntary motions, ſuch as the running 
of the blood 3 his veins, the 

R * drawing 
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drawing his breath, and ſuch like, by 
the inflexible laws of mechaniſm, They 
have even applied geometrical rules to 

meaſure objects conſtantly in change, 
and built theories upon proportions they 
were unable to diſcover. Thus when 
Borelli once got the hint of comparing the 
muſcles or fleſhy parts to cords, he then 
readily built this theory, and calculated 
che human force, by conſidering the 
_ thickneſs of the cords, and the length of 
the lever. Thus, when another found 
the ſimilitude between the blood running 
through its channels, and water ſpouting 
through pipes, he purſued the ſpecu- 
lation, till he at laſt was taught to believe 
that vomits would cure a ſpitting of 
blood, and bathing in warm water would 
be a remedy for the dropſy; happy how- 

ever, had his theory never been put into 
practice. 


Ir is as impoſſible to determine the 
muſcular force of any man, by the bare 
inf _ or admeaſurement of his 


_ muſcles, 
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muſcles, as it is to meaſure the _— 
of the circulation of his fluids; by the 


ſpouting of his blood from a vein. Neither 


can be done, though Cheyne has pretended 
to demonſtrate, that if we compare the 
muſcular ſtrength of two animals, that 
animal whoſe fluids circulate twice 'as 
ſwift, will be fix times as ſtrong. Friend 


and Wainrigbt adopted his demonſtration, / 


for he called it a demonſtration, and 


indeed it was drawn up with a ſufficient 


degree of mathematical parade. Martin 


however, in a treatiſe entitled de milibus 
animalibus, has demonſtrated that Cheyne” * 


| demonſtration was falſe; but it was in 
order to eſtabliſh another demonſtration 
of his own. He aſſerted, that the force 


in ſimilar animals, was as the cube roots 
of the fourth powers of the limb put into 


motion. The learner will not perhaps 


underſtand the preciſe meaning of theſe 


words, but it is no matter, for his de- 
monſtration is as falſe as the former. 


FRoM the mere dimenſions of the 
muſcles 1 in two ſimilar animals, it is im- 
1 poſſible 
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poſſible to determine their force. The 
| ſtrength of the muſcle is generally more 
in proportion to the exerciſe it has 
been employed in, than to its ſize; the 
legs of a chaitman are ſtronger, the 
arms of a ſmith; in ſhort, to uſe the 
words of a bully, in a Spaniſh comedy, 
who miftook his man' and was beaten, 
we can never know | the ſtrength of 
the muſcles, till we OP; their 
1 NY though we cannot determine 
with any preciſion, of two men which 
are ſtrongeſt, yet in the ſame man, we 
can compare the force of his muſcles 
with rather more preciſion: this at leaſt 
can be ſaid with great certainty, that 
thoſe muſcles which are inſerted into the 
bone, neareſt / to the place where it 
moves upon another, overcome the 
greateſt reſiſtance, and conſequently act 
with the greateſt force. But to a learner 
this wants explanation. 
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All our fleſh is compoſed of muſcles, 


Which (if 1 may uſe a vulgar ſimilitude) 


are like red ribbands, and almoſt all 
have one of their ends fixed into one 


bone, and another of their ends into 


ſome other bone. Thus, if we feel the 


great ham- ſtring, which is made up 
of many muſcles, we ſhall find that at 
one end it is fixed into the bones of the 
leg, juſt under the knee, and at the 
other end it runs upwards, partly to be 
fixed in the great bone of the thigh. 
The muſcles being thus ſtretched from one 
bone to another, have a wonderful power 
of contracting and ſhortening them- 
ſelves at pleaſure; and when we chuſe to 
put them into action, they ſwell in the 


middle, ſomewhat: into the ſhape of a. 
ninepin. As theſe muſcles thus contract, 


they muſt neceſſarily draw the two bones, 
into which they are inſerted, their own 
way; the ham-ſtring, when it contracts, 
for inſtance, draws the leg backward 


toward the thigh; when we want to 


make the limb ** there are muſcles 
3 | | | inſerted 
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W AA Sonver, of 
inſerted. under the fore part of ihe. 
knee, that contracting, anſwer this pur- 
Poſe; while, in the mean time, the ham- 
ſtring ſuffers itſelf to be relaxed, in order 
to let the oppoſing. muſcles take effect. 
This being underſtood, it will follow, 
that if we conſider any one of the bones, 
and the muſcles that raiſe it and put it 
into motion, as the power that agitates 
and works the inftrument, the whole 
will give us the idea of the third kind of 


DS. lever, whete the prop i is at one end, the 


weight to be ſuſtained at the other, and 

the ſtrength is applied between 
both. Thus for inſtance, if 1 n 
out my arm, the prop is in the joint of 
my ſhoulder, the weight is my hand, 
and the raifing power is the muſcles, 
which are fixed into the arm bone near 
the ſhoulder, and go from thence to be 
inſerted into the bones of the trunk of 
my body. Now the nearer the ſhoulder 
theſe muſcles are inſerted into the arm 
bone, it is evident that the longer will 
F177 3 1 
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be the lever, againſt which they are to 
act, and conſequenitly the greater will ap- 
pear the weight which they are to ſuſtain. 
To make this quite plain, ſuppoſe a ladder 
were laid flat on the ground; and ſup- 
poſe that I ſtanding at one end, take the 
neareſt round of the ladder in both my 
hands, and thus pulling back attempt to 
_ raiſe the fartheſt end, keeping the neareſt 
end ftill ſteady to the ground. Would 
not this require immenſe ſtrength to 
effect? Pretty ſimilar is the force that the 
muſcles of the arm exert in raiſing the 
whole length of the arm, and the weight 
of the hand beſide. They are inſerted 


into the bone cloſe to the ſhoulder, and 


| ſupport the whole length of the arm in 
the deſired direction. But what is more, 
they do not only act upon the lever at ſo 
diſadvantageous a diſtance, but alſo they 
act upon it in a direction the moſt 
oblique, and conſequently at a greater 


diſadvantage ſtill. Suppoſe I attempt 


to raiſe the diſtant end of the ladder by 


pulling the round neareſt me; this, as I 
ſaid, 
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ſaid, will be very en but 
ſuppoſe yet farther, that I ſhould: firſt 
lie upon my back, and then by drawing 


the next round to me of the ladder, 


ſhould attempt to raiſe the diſtant end; 
the force that would be capable of effect- 
ing this, would be incredible. Vet in 
this very manner it is that the muſcles 
of the ſhoulder act, in raiſing the arm. 
They are not only inſerted at the greateſt 
diſtance from the weight, but they exert 
their power the moſt obliquely. The 
| force they exert in keeping the hand and 
arm extended is great; the force they 
exert in keeping it extended, while the 

hand holds a weight of about twenty 
pounds, is aſtoniſhing. Some ſay that 
theſe muſcles, upon equal terms, would 
lift a weight ten thouſand times greater. 


What has been here ſaid of the muſcles 5 


of the arm, is true, in a greater or 
leſs degree, of all the muſcles of the 
body; ſo that this natural macliine, 
thus faſhioned by the Great Workman, 


is infinitely more powerful than any 
artificial 


* 
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artificial machine that man could form, 
though it took up four times the ſpace. ' 


T muſcles, as we ſaid, are ſup- 
ported by bones; theſe make altogether 
a ſingle pillar or column, which though 
not perfectly ftraight, but with about 
five different curvatures or bendings; 
yet when perfectly balanced upon itſelf, 
will actually ſupport weights that would 
ſurpriſe the inexperienced. La Hire, 
and Deęſaguliers give us ſeveral accounts 
of the amazing weight ſome people have 
ſuſtained, when they were able to fix 
rag pillar of their bones' directly beneath 
it. The latter tells of a German who 
ant ſeveral feats of this kind at 
London, and who performed before the 
King and a * of the royal family. 
This man, being placed in a proper 
ſituation, with a belt which reſted upon 
his head and ſhoulders, and which was 
fixed below to a cannon of four thouſand 
weight, had the props which ſupported 

1 „ the 
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the cannon. taken. away, and 0 fixing 
the pillar of his bones immoveably 
againſt the weight, ſupported it with 


ſeeming unconeern. . There are few that 


| have not ſeen thoſe men, who, catching 
a horſe by the tail, and placing "4g 
ſelves in direct oppoſition to the animal's 
motion, have thus ſtopt the horſe, though 
whipped by his rider to proceed. In all 
ſuch caſes, the pillar of the bones is 
placed in direct oppoſition to the weight; 
they ſupport each other, and are pre- 
vented from rubbing or cracking by 
elaſtic griſtles fixed between each bone; 
_ theſe give way a little upon great 
preſſure, and reſtore themſelves almoſt 
inſtantly, when that is remove Beſides 
theſe, there is a viſcous or ſlimy liquor 
that is ſqueezed in, as if from a ſponge, 
between every joint, and keeps theſe 
oriſtles ſmooth, moiſt, and pliant. By 
means of this fluid, all the Joints move 
eaſily, and obey the impulſe of the 
muſcles with greater diſpatch. This 


fluid, and the griftles (or cartilages, as 
f | | anato- 
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anatomiſts call them) contribute not a 
little to the ſtrength of the animal; 
they reſiſt the burthen with an elaſtic 
force, and conform themſelves to the 
inequality of the preſſure. In, old age 
both are diminiſhed, the griſtles become 
hard, and this liquor (which anatomiſts 
call the ſynovia) is ſqueezed out in leſs 
quantities. The man therefore, in old 
age, becomes more ſtiff and more weak, 
chiefly upon this account, though partly 
becauſe his muſcles become then alſo 
more rigid, hard, and leſs fleſhy, as it 
is uſually called; as thoſe who have eaten 
the fleſh of old animals know. While 
we are at reſt, this fluid, or ſynovia 
above mentioned, oozes out between 
the joints, to fit them for the hour of 

action; when in exerciſe, the ends of 
the bones preſs againſt their griſtles, 

and theſe are ſeparated in ſome meaſure 

by the ſynovia or fluid; but there is {till 
another liquor of an oily nature, which 
is preſſed at the ſame time from a ſmall 


_ fleſhy Ponge, PR? in every joint, and 
this 
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this mixing with the ſynovia, ** all 
ſupple and fit for buſineſs. I ſaid, that the 
ſynovia or viſcid liquor oozes out between 


the joints in the hour of reſt; it is there- 


fore in greateſt quantity between them, in 
the morning, after we have taken our 
reſt the preceding night. So great is the 
quantity uſually ſeparated during ſleep, 
between the joints of the back bone, 
chat ſome men are an inch taller in tage 
morning than at night, and all men are 
ſomewhat taller, as may be quickly 
found by any who chuſe to make the 
experiment upon themſelves. 


From. what has been faid it appears, 
that in carrying large burdens, the 
whole art conſiſts in keeping the co- 
lumn of the body as directly under the 
weight as poſſible, and the body as up- 
right under the weight ; as we can. For 
if the center of gravity in the burthen, 
falls without this column, it will go near 


do fall; in fact, if the ſupporter were an 


inanimate machine, it would fall inevi- 
i tably; 
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tably; but human power, in ſome mea- 
| ſure, catches the center while yet be- 
ginning to deſcend, and reſtores the 
balance which it had loſt the moment 
before. A man balancing under a weight; 
| reſembles one of thoſe people whom 
we uſually ſee walking upon a wire; they 
totter from ſide to ſide, for a moment 
loſe the center of gravity, but by throwing 
forward a limb or diſtorting their bodies 

they recover it again, to the great amuſe- 
ment of every ſpectator. It is thus, that 
he who carries a weight is obliged to act; 
on whatever part of his body the weight 
| is placed, he balances it by throwing as 


much of his column beneath the load as 


he can. Could the weight be laid and 
evenly balanced upon him, ſtanding in his 
natural poſture, he could, as we obſerved 

before, ſupport an incredible burthen; and 
though he could not move under what 
he could thus ſupport, yet he could carry 
a much greater load, than if the burthen 
were laid in any other manner. The 
weight a man could ſupport, when thus 
e © - evenly 


PR 
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evenly laid upon his ſhoulders, would 
break the back of the ſtrongeſt horſe in 
the world. The: reaſon is obvious. is 
4 man, the whole column of bones ſup- 
ports the weight directly; in an horſe, 
the weight is laid upon the column 
croſs ways. The porters of Conſtan- 
 #mple' are known to carry each a 
weight of nine hundred pounds; they 
lean upon a ftaff while loaded, and are 
unloaded in the ſame manner. The por- 
ters of Marſeilles in France are found to 
earry yet more; their manner is this : 
four of them carry the burthen' between 
them, each having a ſort of hood that 
covers the temples and head down. to the 
ſhoulders; to this is faſtened the cords 
that ſupport the frame or bier, on which 
the weight is laid. By this contri vance 
the whole column of the bones acts 
directly againſt the load, and an immenſe 

er is thus fuſtained. 13 4 
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reaſon why. two men carrying a load 
between 
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equal parts. The reaſon is, that two 


men can bear the load each more upright; 


and with the column of their bangs mare | 


_— againf 8 


As man bears 2 weight the ks the 
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more upright he ſtands againſt it, it 


muſt follow neceſſarily, that the more 
bendings he makes in ſupporting weights, 
the leſs. will be his power. There are 
three principal bendings in the human 
_ column; the firſt at the hams, the: ſecond 
at the hips, and the third along the back 


bone, which reſembles the oſier in 
pliancy, though it be ſtronger chan the 


oak. A man of ordinary ſtature and 
ſtrength, upon an average, has been 


computed to weigh an hundred and 


ſixty pounds; he can ſupport, as we 
faid before, an immenſe weight if his 


column acts directly againſt it; if he 


bends a little at the hams, ſuch a man 
0-2 ; may 


* 
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may raiſe from the ground about ari 
hundred and ſeventy pounds, provided 
the weights are placed to the greateſt ad- 
vantage; If he bends at the hips and 
back, he will lift thirty pounds leſs. If 
a weight be placed upon his head, and he 
be put between the rounds of a ladder 
placed horizontally and breaſt high, he 
ean lift thirty pounds by the ſtrength of 
the muſcles of his ES and neck 
alone. 


© FROM this we ſee, that human ſtrengtli 
is not the fourth part as great when the 
body is bent, as when it is upright. 
From this alfo we Tee, that if a man 
draws a load after him, as in that caſe 
all his muſcles act in an oblique direction, 
he can exert but very little force, when 
compared to other animals. Deſagulier 
pretends. to ſay, that an horſe can draw as 
much, upon an average, as five Engliſbò 
workmen. The French writers ſay, 
Dr. Barthes in particular, that an horſe 
can 3 as s much as ſix Prenchmet, ot 
| 5 ſeven 
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ſeven Dutchmen ; but if the load were to 
be placed upon the ſhoulders, two men 
will be found to be as ſtrong as an horſe. 
A London porter ſhall carry three hundred 
weight at the rate of three miles an 
hour; two chairmen carry an hundred 
and fifty pounds each, and walk at the 
rate of four miles an hour. Whereas a 
travelling horſe ſeldom carries above 
two hundred weight, and a day's 
journey with ſuch a load, would be apt 
to diſqualify him from travelling _ day 
ens, 13 F 4280 


Max's greateſt force therefore, is 
directly upward; ; if he draws a load, he | 
muſt act at a diſad vantage. A man how- 
ever, when obliged to draw a load, a 
rolling ſtone for inſtance, hath two 
methods of doing this. He may either 
turn his back to the Rone, and puſhing 
the frame with his breaſt, thus go on- 
| ward, while the ſtone rolis after; or 
he may turn his face to the ſtone, and 


50 backward, drawing the ſtone with 
8 3 — 


22 Ck 44x: of 
him. This laſt method may be the moſt 


in convenient, but it gives the workman 


much the greateſt ſhare of power, and 
that for two reaſons. In the firſt place, 
by inclining farther back, he can give a 
greater column of his body to the draft; 
and in the next place, a greater number 


of his muſcles come into action; particu- 


larly the two great deltoid muſcles of 

the arms, the force of which is very 
great. It is for this reaſon that men 
who row a boat, more uſually draw the 
oar to them, than puſh it frow them. 


nee N 9 26 


16 0 H A P. XVII. 
of Wheel Carriages, 


Y what we have ſeen of man con- 


ſidered as a machine, it is eaſy to 


rn that his frame is not adapted 
to drawing carriages; while on the con- 
trary, in that of an animal upon all fours, 
the column of whoſe bodies, and the 
ſituation of whoſe muſcles, act almoſt 
directly upon bodies placed behind them, 


they are perfectly fitted by nature for 


this kind of ſervice. Horſes are uſually 
employed in the draft in England; 
mules, oxen, ſheep, and other animals 
are ſometimes uſed in other parts of the 
world. It might incur ridicule if we 
pretended to inform the learner that each 


of theſe will draw a weight or carriage 
in proportion as they are ſtrong. But 
notwithſtanding this is generally the caſe, 


yet we are going to mention what will 
ſeem a paradox; namely, that two horſes 
may *. * one ſtronger than the 

8 4 | | other , 
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yet the weaker ſhall draw a weight, 
with the very ſame carriage, the ſtronger 


one could not remove ! This will be 
effected, if the weakeſt horſe be the hea- 


vieſt; if he exceeds his antagoniſt more 

in weight, than he is exceeded in 
| ſtrength. We have obſerved in a former 
chapter, that the weight re- acts or pulls 
back the . horſe, as much as the horſe 
acts upon the weight to pull it forward. 
Now the horſe has two ſources of power 
in drawing the weight along; his ſtrength, 
which gives him velocity, and his 
weight, which added gives force; and 
it is evident that the horſe which hath 
both in the greateſt proportion, will draw 
the heavieſt weights. If we ſhould ima- 
gine both horſes raiſing an equal weight 
from a deep pit, and this weight ſtill 
jnereaſed, ſo as to overcome their 
ſtrength, it js plain that the lighteſt horſe 
would ſooneſt be drawn in. We have 
ſeveral inſtances in ordinary practice, of 
mee great benefit of increaſing the horſe's 
- . 
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weight, to promote his draught; for in 


many places, horſes employed in turning 


a mill have a ſmall load laid upon their 
backs, which, though it takes away ſome- 
thing from their velocity, adds to their 
weight, and conſequently increaſes their 
| Farce: | 


Bor ſuppoſing the ſtrength, ſkill and 
weight of two horſes to be the ſame, all 
the difference then in their drawing the 
ſame weights, will ariſe from the com- 
modiouſneſs of the machine, in which 
they draw. If the load they are to drag 
after them be breaſt high, they can draw 
it with much greater eaſe than if it lay 
along the ground. They can, for inſtance, 
draw much greater draughts, if the 
weights are laid upon a fledge as high 
as the horſe's ſhoulders, than if the 
fame weights were laid upon a low ſledge 
on the ground. For in the firſt caſe, 
the column of their bodies acts directly 
againſt the weight, in the latter it acts 
85 ; and we have ſhewn before, 

that 
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that the: een directiy this column can 
act, the greater is its force. Even in 
either going up hill or down hill, the 
lledge breaſt high is more .commodtons 
than that laid low. For if the low ſſedge 
is dragged up an hill, it is plain that it 
will be then lower, with reſpect to the 
horſes, than it was before, and conſe- 
quently they will be obliged to draw it 
more obliquely upwards, than when 
they drew it along the plain. If on 
the contrary, the low ſledge is drawn 
down an hill, it will then be higher 
with reſpect to the horſes than when 
on the plain, and therefore their Power 
of drawing it will be greater; but in 
going down an hill, its own gravity 
conſpires with the draught, and will alſo 
help the load to deſcend, ſo that the 
horſes in this caſe are permitted to exert 
their greateſt power where there is the 
leaſt neceſſity; they can draw the low 
ledge down hill with all their power, 


when by the natural deſcending of the 


load, they are not 2 to exert it. 
13 This 
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This doctrine however, ſimple as it is, 
is different from what is uſually. _ 
by wnrden n this . 


{Sal ES were 1 the ert * 


; chives uſed in carrying loads; we find 


them thus employed in Homer, I mean 


in the original, in conveying wood for 


the funeral pile of Parrochut, There 
are ſome countries alſo, that preſerve 


their uſe to this day. However, men 
early began to find how much more 
eaſily a machine could be drawn upon 
a rough road, that run upon wheels, 


than one that thus went with a ſliding 


motion. And indeed, if all ſurfaces 
were ſmooth and even, bodies could be 
drawn with as much eaſe upon a ledge 
as upon wheels; and in Holland, Lap- 
land, and other countries, they uſe 
ſledges upon the ſmooth ſurface of che 
ice; for as every ſurface upon which 


we travel, is uſually rough, wheels have 
been made uſe of, which rub leſs againſt 


the inequalities than ſledges would do: 


mn 
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In fact, wheels would not turn at all 
ice, if it were perfectly ſmooth, 
for the cauſe of the wheels turning upon a 
common road, is the obſtacles it continually 
meets. For if we ſuppoſe the wheels to be 
lifted from the ground, and carried along 
in the air, the wheels in this caſe would 
not turn at all, for there would be 
nothing to put any part into motion 
rather than another; in the ſame manner, 
if they were carried along upon perfectly 
ſmooth ice, they would meet nothing 
to give a beginning to the circulatory mo- 
tion, and all their parts would reſt equally 
alike. But if we ſuppoſe the wheel 
drawn along a common xoad, then the 
parts will receive ynequal obſtructions, 
for it meets with obſtacles that retard it at 
bottom, therefore the upper part of the 
wheel, which is not retarded, will move 
more ſwiftly than the lower part, which 
js; but this it cannot do, unleſs the 
wheel moves round. And thus it is, that 
the obſtacles in the rough road cauſe this 
circulatory motion in the wheel. Dl 
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Tuts rotation of the wheels about 
their axle, very much diminiſhes that 
friction which always attends the weight's 
being drawn along upon a Hedge; and 
this in" fo great a Proportion, that ac- 


cording to Helſham, a carriage drawn by 
four Wheels, will be drawn with fixe 


times as ſmall an effort as one that ſdes 


upon the ſame ſurface in a ſledge. - Still 
more to diminiſh the friction in wheel 
carriages, a countryman of our own hath 
found out an expedient, whereby the 
axle, contrary to what is uſual in moſt 
| carriages, is made to turn found, and 
its gudgeons or ends, inſtead of prefling 
againſt the boxes as in common wheels, 
are made to bear on the circumference of 
moveable wheels; ſo that by this con- 
trivance, a number of parts are made to 
roll one over the other, which flided 
before : ſuch wheels, from their thus 
diminiſhing the friction, are called 

friction wheels. We ſhall enter no 
farther into their theory or uſes; the 
ſingle inſpection of the machine itſelf 
would 
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would en more light upon Renee, 
thay Wa do Wee | 
: | Toys. me is. how, uch. A: — 
| carriage aſſiſts the; horſe. in drawing, 
ſuperior to a ſledge or any other machine 
without wheels. Now. if we.. compare 
wheel: carriages with: each other, and we 
delice to know whether large or ſmall 
| wheels are beſt in a machine; the anſwer 
will be, that large wheels are eaſieſt for 
the horſe, but ſmall wheels ſafeſt for the 
rider. A large wheel has a double ad- 
vantage over a ſmall one, either in ſur- 
wunting obſtacles, or in depreſſing 
them... To prove this, let us ſuppoſe two 
wheels,.(fig. 35.) A and B, the one large, 
the other ſmall. As the circumference 
of both may be conſidered, like all other 
 eireles; as compoſed of a number of 
right lines; we may ſuppoſe both 
endeavouring to overcome the obſtacle 
C, with the ſpoke of either conſidered 
a8 levers, the large wheel with a lever 
owe” in * LE Bg, the ſmaller with 


a lever 
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a lever equal to Fg. But the longer the 
lever, the greater the moving power is 
| increaſed; it is evident therefore, that 
the horſe drawing at DB, where the 
lever is long, will have far greater power 
to overcome the obſtacle, than if he drew 
at FE, vrhere the lever is ſhort, and 
therefore the larger wheel has the 
advantage. The horſe will draw ſuch a 
wheel with greater eaſe over the obſtacle, 

or preſs the obſtacle down into the 
earth with greater force. As wheels 
cannot always run upon hard ground, 
but muſt frequently meet with holes, in 
which they partly ſink; in this caſe alſo 
che large wheel will have the advantage 
der the ſmall, for it preſſes 2 larger 

furface upon the ſinking earth, and it 
will not therefore fink fo deep ; thus a 
man can eafily thruſt his finger into 
ſoft day, but it will give more reſiſtance, 
n he — to thruft he bit. 
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turns an hundred times in going over a 
certain bi af roadyithe larger wheel will 

eans 1 , often to: travel 

| the ame: fem and: the leſs the wheel 
is, the leſs will the friction be. And 
wis frequency of turning required in 
mall gyheels, as alſo the greater obſta - 
des chey continually meet with, is the 
eaſon why they are more frequently 
dut of order, and ſtand in need _ 
much oftener than the * * | £72 2 
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. down hill. I che horſe draus the load 
up hill, the wheels being large, raiſe 
5 the weight, more directly to be: acted 
„ upon by the column of his body z if the 
= me goes down hill; the wheels being 
. 95 large, raiſe the weight high above the 
borſe's power, and conſequently thus 


= | diminiſh his ** but then it is at 
EL _ a time 
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& time when he hath leaſt occaſion 
to make uſe of it, for the load in 
ſome meaſure will then deſcend of | 
ak. coma | 


Adin: in as every 1 with 
reſpect to the dtaught, large wheels are 
preferable to the ſmall, and therefore we 
neceſſarily expect to find all our coaches, 
waggons, and other four wheel car- 
riages, have the fore wheels as large 
as the hinder. If a waggoner is aſked 
the reaſon why this is not ſo, his anſwer 
is, that by making the foremoſt leaſt, 
che hinder wheels thus drive on the firſt, 
This however Is by no means the true 
reaſon; the fore wheels are made thus 
ſmaller than the hinder, both for the 
conveniency of turning with greater eaſe; 
add becauſe the carriage b thus ſup- 


21 take no notice here to tie young ſtudent, 
Evncerning the preference of ſinall wheels in going 
up aſcents, for which there are ſome pretended 
demonſtrations; my reaſon is, that thoſe demon- 
5 1 are — 
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ported upon unequal wheels, it will be in 
leſs danger of overturning. They thus 
alſo avoid cutting the braces or ſtraps, 

by which the horſes draw. In heavy 


waggons however, where the neceſſity 


of turning is but ſeldom, and the danger 


of overturning ſcarce any, and the braces 


are removed at a diſtance, if the fore 
wheels were made as, high as the hinder 
ones, it would be jo much the better. 
As it is- however, waggoners ſhould lay 
the load equally upon all the wheels; 
but on the contrary, they are univer- 
ſally. found to lay the greateſt part of 


the load upon the two fore wheels, 


_ which not only makes the friction 
greateſt, where it ought to be leaſt, but 
alſo preſſes the fore wheels deeper into the 
ground than the hinder ones, which we 
_ obſerved before, were moſt apt to ſink, 
without this additional diſadvantage. 
The only danger that might reſult from 
the waggon 's being evenly loaded would 
be, that in drawing up ſteep hills, the 
load * be apt to fall 1 and 

thus 
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thus tilt up the fore wheels of the carriage. 
This might eaſily be remedied, by a ma- 
chine placed under the fore part of the 
waggon, which, upon the carriage's going 
up hill, might be fo contrived, as to let 
fink the foremoſt end of the load, and 
thus OP the n ſtill even. 1 2 


Ix now only remains to ſay ſome- 

thing with reſpect to the breadth of the 
wheels. Some have inſiſted that broad 
wheels are beſt for the draught, and 
build their aſſertions upon theory and 
experiment; others, on the-contrary, and 
the whole body of carriers in particular, 
taught by experience, give the preference 


to the narrow. The determination of 


this diſpute muſt be left to others, more 
ſkilful in waggons and broad wheels 
than I can pretend to be; a word or two 
will ſuffice. If we ſuppoſe the broad 
wheel to have three times the breadth of 
the narrow wheel, it will meet with three 
times as many obſtacles by the way, but 
the narrow wheel will ſink three times as 
3 the queſtion therefore is, whether 

| os 2 1 en 
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three times the obſtacles at the ſurface 


of the ground, is greater or leſs than 


three times the obſtacle beneath the ſur- 
face? The anſwer will be, that the three 
obſtactes at the ſurface will be much 
eaſier removed than the chree beneath 
it; for they lie lighter, and are ſooner 
thruſt out of the way. But however 
this may be in theory, in experience 
it is otherwiſe ; for the narrow wheel 
does not fink three times as deep as the 
broad, becauſe the earth hardens by the 
preſſure under it, as it deſcends; on the 
contrary, the broad actually encounters 
three times as many obſtacles. However, 
though the latter may not be ſo good for 
the carriers, yet they are certainly good for 
the roads, and therefore for the public in 
general. Private diſadvantage muſt ever 
be poſtponed to public utility. 


Tuvs much will ſuffice upon the 
principles of mechaniſm in general; to 
enter upon a deſcription of particular 

artificial machines, would be both unin- 

ſtructing, and indeed foreign from the 
4 | purport 
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purport of a ſcience, that pretends only 
to explain the wonders of nature, To 
give any idea of machines, plates would 


be requiſite, and even ſuch would make 


but an obſcure impreſſion, The beft 
way to underſtand the arts of machinery 


is, to view them as they really exiſt, 


to viſit the ſhops of artificers, or the 
yards where great works are carried on. 
To be a good mechaniſt would take up 
a whole life, and the art is rather 
perfected by practice than theory. For 
inſtance, theoriſts have long debated 
what is the proper angle of obliquity, 
by which the fails of a wind-mill are 
to be regulated and fixed, and whether 


they are to be elliptical, or on the con- 


-trary oblong : practice at preſent ſeems 
to follow the opinions of neither fide; the 
fail is made to boſom upon the wind, like 
the ſail of a ſhip. In ſhort, the principles 
of mechaniſm may be learned in books, 
the art muſt be acquired by experience. 
Several volumes have been written upon 
the ſubject; ſhould we, upon the prefent 
T3 occaſion, 
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occaſion, enter into a deſcription of but 
a few machines, we muſt neceſſarily ſay 
either too little, or too much: too little 
to give the learner an adequate idea of 
any of them; too much for an elementary 
treatiſe upon natural philoſophy, 


* 
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of F ion and the Reftance of F luide. 


HROU GH the , whole former 
1 theory of motion, we have ſup- 
poſed that machines did not rub againſt 
each other, and ſo interrupt their mutual 
workings. We ſuppoſed that all the 
planes on which they moved were even, 
all the levers inflexible, and that the air 
gave no reſiſtance: but in nature this is 
not the caſe; for all theſe are impediments 
which it is impoſſible wholly to overcome. 
As we have eſtabliſhed the theory how- 
ever, it will now be eaſy to conſider the 
nature of theſe reſiſlances,, how far they 
diminiſh motion, and to make an abate- 
ment in Proportion, in the working of 
any machine, or in the colliſion of one 


Wa againſt. another. 


1 1 and n bodies 
may appear to our ſight, yet if we exa- 
mine their ſurfaces through a micro- 
"© -< - -._  _ 


E90 A Surkvay ff 
| ſcope, we ſhall diſcover. numberleſ 
| Inequalities. Theſe inequalities are the 
_ cauſes of friction in two bodies, that 
move in contact with each other; the 
little riſings in one body ftick themſelves 
into the ſmall cavities af the other, in the 
ſame manner as the hairs of a bruſh run 
into che inequalities of the coat, while 
it is bruſhing. If the bodies flide one 
over the other, the little riſings in one 
body in ſome meaſure tear, or are torn 
dy the oppoſite depreſſions into which 
they had been driven, fo that fliding 
bodies move with difficulty. If, on the 
contrary, they roll over each other, then 
the ſmall rifings fall perpendicularly each 
into its focket, and are lifted out of it 
again, without any rupture in the 
wad of DO body whativever, = 


(Fa is no _ taſk to meaſure preciſely 
the quantity of motion that any two 
bodies will loſe by thus rubbing one over 
the other, even though we knew that 
tho workman had . both the 

8 ſurfaces 
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furfaces to the higheſt pitch of his art 
though we knew the dimenſions of each 
ſurface, and ſtill more, though we knew 
the exact preſſure in each body; it is 
almoſt impoſſible, I fay, in this caſe, 
Z preciſely to tell how much the friction 
between theſe two bodies will alter any 
former theory. Thus for inſtance, ſup- 
poſe I throw a ſmooth cord over a fixed 
pulley, and hang a pound at one end of 
the cord; then if I have a mind to out- 
balance this, I hang a pound and a 
grain at the other end of the ſame; but 
though in theory, this pound and grain 
would out-balance the other, yet in fact 
it will not; it will not ſtir the former, 
becauſe the friction of the cord is yet to 
de overcome. If I then aſk what is the 
preciſe additional weight requiſite for 
overcoming this friction, all the anſwer 
| a philoſopher can make is, that he has no 
general rule for this, and that he cannot 
tell what weight will ſuffice, till he tries 
the particular cafe. It is true, he may gueſs 
pretty nearly, but fall it will be but 


1 guefſing. 


lr 
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Ix I am to guels at the quantity of. 
motion that is Joſt in any machine, 
by the rabbing of two bodies one againſt 
the other; I muſt firſt conſider . the 
roughneſs or ſmoothi neſs of the ſurface ; 
I muſt next confider * — great the force | 
is, that preſſes the two rubbing, bodies 
together; I muſt then find out with what 


: friftneſs they move one over the other ; 


and laſtly, I. muſt take into my account 
the largeneſs of che two ſurfaces that 
are thus rubbed wü 

WIE 3 to the Hae, of 
the, two.. rubbing. bodies, it is very 
erident that the ſmoother they are, the 
leſs will be the friction, and for this 
; reaſon ; in all machines where there is 
much friction of the parts, ſuch as in 
the nare f 5 wheel, in the axle of 4 
pulley, and. ſuch like, they are greaſed 
with oil to fill up the cavities and riſings, 
and thus to facilitate their ſliding with 
ale, forſacs Over ſurface. | 
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Wirk regard to the preſſure of Py 
ſurfaces againſt each other, all philoſo- 
phers allow, that where the ſurfaces are 
preſſed hardeſt together, their friction 
will be greateſt; the friction, for inſtance, 
in the nave of a waggon wheel, where 
the preſſure is proportioned to the load, 


: will. be greater than the friction in the 


wheel of an ordinary poſt-chaiſe, that 
carries much leſs weight, and the ſurface 
will require to be ſmeared oftener. Now 
ſuppoſe it ſhould be aſked, if we dou- 
ble the preſſure, whether we ftill increaſe 
the friction alſo. in the ſame proportion? 
It is not eaſy to anſwer this. Amontons 
of the academy of ſciences of Paris, and 
Deſaguliers our. countryman, think in 
the affirmative, and ſay, that friftion 
conſtantly increaſes. with preſſure, and 
that double preſſure will cauſe a third 
part more friction. Thus for inſtance, 
if there be a machine, in which to over- 
come its friction, will require two mens 
ſtrength, if we double this load, it will, 
| they ſay, require three men to overcome 
4 "mm 
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the friction; if we double that again, 
it will require fix men; and fo forth. To 
ſupport this aſſertion, they bring ſeveral 
experiments, tolerably exact, and very 
plauſible —Moſt philoſophers had come 
into their ſentiments, till Muſthenbrook of 
Leyden, and Camus, by contrary experi- 
ments, induced them to ſuſpend their 
aſſent. They have ſhewn, by more 
accurate preparations, that by the ſame 
preſſure, ſome bodies have greater fric- 
tion than others, that the friction will be 
very different if the furfaces are ſmeared 
with oil, or if with tallow, or with 
water, Thus the experiments of theſe 
two latter philoſophers differ greatly 
from the preceding ; but unfortunately, 
they differ as much from each other. 
All therefore that we can generally con- 
clude from the experiments of each 
of them is, that friction is increaſed the 
more the ſurfaces are preſſed together; 
but we cannot exactly tell, if by increaſ- 
ing the preſſure, the friction increaſes 
in a frmilar proportion. 8 
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To bring our conjectures nearer to 
certainty, in meaſuring the quantity of 
motion loſt by friction, we muſt next 

conſider tlie ſwiftneſs with which the 
two ſurfaces are rubbed together. Muſs 
chenbrook aſſures us, that from ſeveral 
experiments he has made (though he 
does not tell us what thoſe experi- 
ments are) the friction increaſes in 
proportion to the ſwiftneſs with which 
the ſurfaces glide over each other; Nolet 
is of the ſame opinion; they only differ 
in this, that the former thinks increaſing 
the friftneſs to a great degree, will 
ſtill increaſe the friction the more; 
te latter ſuppoſes, that the friction 
hath its bounds, and after the ſur- 
faces come to a certain degree of 
ſwiftneſa, though their velocity be then 
Increaſed never ſo much, yet there will 
be no increaſe of friction. Should we 
aſk the opinion of a common carrier of 
common underſtanding-upon this ſubject; 
he would affirm the very contrary of 
what the two laſt mentioned philoſophers 
have 
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have aſſerted. He would ſay, that if his 
wheels were well greaſed, the ſwifter 
they went, the eaſier they were upon the 
horſe, and the leſs would be their friction: 
Euler of Berlin is of the very ſame 
opinion. In fact, let us compare the 
inequalities of one ſurface going ſwiftly 
over the depreſſions of the other, to a 
chariot wheel, drawn violently over the 
inequalities of a ſtony road; we have 
often ſeen that before it well could get 
to the bottom, in deſcending from the 
top of one ftone, it is drawn up to the 
top of another, ſo that in fact, it had 
thus a leſs obſtacle to Encounter, than 
if drawn flowly along; for thus it ſcarce 
had time to ſink between the two obſta- 
cles, with the whole force of its gravity. 
It is juſt thus in the caſe under eonſider- 
ation; the ſwifter the ſurfaces move, 
the more their mutual preſſure is dimi- 
niſhed, and conſequently, the leſs deep 
will the inequalities of one ſurface inſert 
themſelves into the depreſſions in the 
other. The truth of this theory Euler 
$5 has 
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has confirmed by experiment, as may be 
| ſeen in the Memoirs of the Berlin Aca- 
demy for the year 1748, that upon the 
whole, the ſwiftneſs rather diminiſhes 
n ire friction. 

Labs ur, in eſtimating how much a 
machine is retarded in its workings by 
Friction, we are to conſider the largeneſs 
of the two ſurfaces that rub each other; 
and to firſt thoughts it would ſeem, that 
as the incqualities of the ſurfaces are the 
principal cauſe of friction, if we aug- 
mented the extent of theſe inequalities, 
wie ſhould allo augment the friction; ſo 
that if the ſurfaces were doubled, the 
friction would be doubled in the ſame 
manner; if the ſurfaces were made 
three times as great, the friction would 
be made three times as great alſo. How- 
ever, this is by no means the caſe, the 
increaſe of friction bears no degree of 
equality to the increaſe of the ſurface; 
ſo that I may often make the ſurfaces ten 
_ times as large, and yet the friction ſhall 
not 


& 
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great. De/aguliers and Amontons are 
of opinion, that we may inicreaſe\the ſur- 
faces to what degree we pleaſe, and yet 
their friction would ſtill remain the ſame. 
For, ſaid they, to make the inequalities 
of a large ſurface, ſink into the depreſ- 

ſions of the oppoſite ſurface; will require 

4 force of preſſurey in proportion to the 
number of the inequalities The number 

of inequalities is greateſt in the larpeſt 
ſurface, and therefore, if the preſſure in 
the large ſurface, be no greater than in 
a ſmall ſurface, the inequalities of the 
large ſurface will be preſſed in with lefs 
force, and ſo not fink ſo deep as they 
will in the ſmall. In two bodies there- 
fore, preſſing each other in large ſurfaces, 
though the preſſure is more diffuſed, yet 
it is not ſo deep; and conſequenitly, con- 


tinue they, the reſiſtante they give to each 


other's motion will not be inereaſed by 
merely increaſing the ſurface only. This 
theory, as we may eaſily coticeive, would 
have but few partizans, if it were unſup- 


ported 
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ported by experiments. Feeble experi- 
ments.were produced, to ſupport a feeble 
theory; but both gained ſtrength when 
united, and convinced many, whom 


either, ſingly, could not perſuade. 


Maſchenbrook was the firſt who oppoſed 


this erroneous theory, and that with an 


experiment that was inconteſtible. He 
aſſerted, that by increaſi ng the ſurfaces 
of tw¾o bodies llidin g over each other, the 


friction was alſo increaſed. For, continued 
he, if we take two ſmall pieces of a deal 


board ſmoothed and poliſhed, one piece 
a foot long and an inch broad, the other 


a foot long and two inches broad, and 


if we lay the ſame loads upon both, 


taking into conſideration the weight of 


the boards themſelves, the largeſt, - he 
aſſures us, will be always found to move 


with greateſt difficulty; a proof of its 


receiving greater obſtacles from friction. 
Thus it appears, that increaſing the 
ſurface will increaſe the friction, how- 
ever in no very conſiderable degree; for 


it often happens that the friction is not 


JJ thus 
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thus increaſed a fifth part greater, when 
Gi ſurface becomes twice as great. 


Ina word therefors, in 6 the 
beſt manner of diminiſhing the friction 
in any machine, if we ſuppoſe all the 
parts ſmooth and well oiled, it will be 
found, that the leſs the preſſure 3 is upon 
the rubbing ſurfaces, or in. other words, 
| the leſs the load lies upon the parts that 
move, the leſs will the force of the 
machine be retarded by friction; the leſs 
| extenſive. the rubbing _ ſurfaces are, the 
leſs alſo. will be the friction. But then 
| this conſideration of the ſurfaces, is by 
no means equal to that of the preſſure: 
for if we double the preſſ ure, we. ſhall 
go near to double the friction; on the = 
other hand, if we double the ſurface, 
this will give but a very inconſiderable 
addition to the friction, ſo that we may 
reſt aſſured, that a doubled preſſure pro- 
duces more friction than a doubled ſur- 
face. Laſtly, the ſwifter the bodies 
move over each other, the leſs will they 

F rub, | 
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rok and therefore friction will be more 
diminiſhed in a machine that goes faſt, 
than in one that moves ſlow. | 


3 


FRICTION is to be taken into conſider- 


ation in the working of every one of the 


mechanic powers, and as it is incom- 
modious i in ſome, ſo it is beneficial and 
convenient in others; the lever, the 
pulley, and the axle in the wheel, are 
retarded by this; while, on the contrary, 
our, operations by the wedge and ſcrew, 
would be impoſſible to be performed 
without it. For in the wedge, when it 
is driven into the cleft by the force of 


the hammer, if it were not kept in the 


cleft by the power of friction, it would 


be driven back again by the reſiſting 
power of the timber. In the ſcrew, 


when we had preſſed down a reſiſting 
body, by the exceſs of power we had 
over it, this body, upon our preſſure 
being removed, were it not for the force 
of friction, would drive the ſcrew back 
again, and we ſhould ſee the ſcrew 

U'2 turning 
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g up e with much greater 
velocity than that with which 1 it wm 


| forced down: ® 


Für theory of friction, if OY 
underſtood, would be of: infinite ſervice 
to ſociety ; for then we might calculate 
with the greateſt” exactneſs, the force 
with which any machine would move, 
and the number of hands it would re- 
quire to work it; Beſides: this, geome- 
tricians might make their calculations o on 
ſeveral 1 pr 
greater preciſion, ' as in 
chrones, monte and ſuch like; i 
this would be a great pleaſure to them, 
though of little advantage to ſociety: 
Some of our own countrymen have 


n pains, to aſcertain how much 


friction ſome woods have more than 

other woods; and ſome metals more 
chan others. The friction is found to be 

greater between ſmall deal boards, 
than oak; it is much greater between 
plates of lead, than plates of braſs. 
. =: = mY It 
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It were indeed to be wiſhed, that if pot. a 


ſible, this part of natural philoſophy were 


cultivated with more aſſiduity; and as 


we have tables for ſhewing the different 
denſities of bodies, ſo we might have 
tables for ſhewing their different frictions 
alſo. It muſt be owned however, that 
a work of this kind would require 
aſſiduity in the experimenter, and great 
accuracy in the meaſuring inſtrument. 
Inſtruments have already been contrived 
for this purpoſe, but moſt of them too 
faulty to be built upon. Muſchenbrook's 
inſtrument for meaſuring friction, is 
reckoned the beſt; to him we refer the 
reader for its deſcription. He calls it a 
Tribometre, a name compounded un- 
grammatically enough, but it means 
a meaſurer of friction. The great 
defect of this inſtrument is, that a pet 
of the force employed in turning the 
diſk, is ſpent in Fang the cord that 
holds it. | 


Baan DEs the obſtructions all machines 
U 3 find 
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find from friction againſt each other, 
there is another by no means to be 
. | diſregarded, which they receive from 
* - = 2 the air. That the air gives great reſiſt- 
aancee to bodies paſſing through it, every 
one muſt have experienced; and that 
this reſiſtance is increaſed, the ſwifter 
the body is moved, and the larger the 
ſurface is expanded, which is carried 
1 through it. Who does not know, that 
1 if I ſpread a fan, and move it too and 
fro, it will find more oppoſition from 
the air, than if I furled it up, and only 
brandiſhed the ſticks. A man on horſe- 
back, if he goes in a ealm day, with an 
eaſy gentle motion, will perceive no 
wind; but if he puts the horſe upon a 
full gallop, it will appear to him as if he 
rode in a ſtorm; for he paſſes ſucceſſively 
from one body of air to the other, and 
_ whether he daſhes againſt the air with 
violence, or the air daſhes with violence 
againſt him, as in an high wind, it will, 
with reſpect to his ſenſations, have the 


mw efect, 
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Now ſhould I defire to know the 


exact reſiſtance of the ſame air, upon 
two bodies of exactly the ſame kind, but 


t different weights; ſuppoſe, for inſtance, 
how much a leaden bullet of two 
pounds, would be reſiſted more than a 
leaden bullet of one. This queſtion can- 
not be reſolved exactly, without the geo- 


meter's help. I may anſwer in general 


indeed, that the bullet of two .pounds 
will meet as much more reſiſtanee from 
the air, as its ſurface i is greater than the 
ſurface of the other. But to determine 
this is not fo eaſy, as ſome may at firſt 
imagine. For to calculate exactly how 
much reſiſtance the air will give to a 
body ' oppoſed to it, we muſt know 
exactly how much is the tenacity of the 
air itſelf, that is, how much its parts 
| ſtick together, how far its parts are 
elaſtic, how far its parts cloſe round the 
body that paſſes through them, and 
laſtly, what part of its ſurface the 


moving body preſents to oppoſe it. We 


Know not enough of the air to determine 
U 4 | theſe 
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_ theſe. points with any preciſion; the dif 
ceuſſion of each particular makes the moſt. 
abſtruſe parts of ſpeculative geometry. 
| Huygens diſcovered by experiment, that 
in bodies moving through a fluid, if the 
body moved twice as faſt, it met with 
four times as much reſiſtance as before; 
if it moved four times as faſt, it met with 
eight times as much reſiſtance, and ſo on. 

This experiment he attempted to prove 
by theory, (for theory moſt uſually 
follows experience) but finding himſelf 
unequal to the taſk, he left it for Newton 
to perform. | Newton? 8 demonſtrations 
are too abſtruſe to be inſerted. here, and 
indeed they do not ſeem eſtabliſhed upon 
a baſis equally firm, with the reſt of his . 

diſcoveries; - for this reaſon they have 
been controverted by ſome of the greateſt | 
geometricians of the age. Pemberton has 
undertaken to explain the doctrine of 
Neuron upon this difficult ſubject, as 

follows; ; though we muſt obſerve that 

the reader will by no means ſee Newton 
himſelf Wen the medium of this 
expla- 8 


M 


explanation. The principal refiſtance ö 


which moſt fluids give to bodies, ariſes 
from the inactivity of the parts of the 
fluids, and this depends upon the velo- 
city with which the body moves, on a 
double account. In the firſt place, the 
quantity of the fluid moved out of the 
place by the moving body in any deter- 
minate ſpace of time, is proportionable 
to the velocity with which the body 
moves; and in the next place, the velo- 
city, with which each particle of the fluid 
is moved, will alſo be proportional to 


the velocity of the body: therefore, fince 


the reſiſtance which any body makes 
againſt being put into motion, is pro- 
portional both to the quantity of matter 
moved, and the velocity it is moved 
with; the reſiſtance which a fluid Fives 
on this account, will be doubly increaſed, 
with the increaſe of the velocity in the 
moving body; that is, the reſiſtance 
will be in a two-fold or duplicate pro- 
portion of the velocity wherewith the 
body moves through the fluid.“ That, 
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as we ſaid above, if the body moves 
twice as ſwift, it will meet four times 
the reſiſtance. Such will be the caſe 
of a body moving through a non-elaſ- 
tic fluid; but the air is elaſtic (as we 
hall ſee when we come to treat of its 
properties) and therefore it muſt reſiſt 
in a different manner. If the elaſtic 
t power of the fluid,” continues Pem- 
berton, « were to be varied, ſo as always 
4 thus doubly to reſiſt the velocity of the 
„ moving body, it is then ſhewn (by 
„% Newton) that the reſiſtance derived 
« from elaſticity would increaſe in the 
« ſame proportion, inſomuch that the 
e hole reſiſtance would be in that pro- 
« Portion, excepting only that ſmall part 
<«< which ariſes from the friction between 
« the body and the parts of the fluid. 
„ From whence it follows, that becauſe 
„ the elaſtic power of the ſame fluid 
e does in truth continue the ſame, if the 
velocity of the moving body be dimi- 
« niſhed, the reſiſtance from the elaſti- 


city, and therefore the whole reſiſt- 
| 1 ä 
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t“ ance will decreaſe in a leſs proportion 
& than the duplicate of the velocity 
& and if the velocity be increaſed, the 
c reſiſtance from the elaſticity will 
« increaſe in a leſs proportion than the 


we duplicate of the velocity; that is, in 


« 4 leſs proportion than the reſiſtance 
% made by the power of inactivity of 
« the parts of the fluid.” Upon the 
whole, as this is a ſubject. that more 
particularly belongs to mathematicians, 
with them we ſhall leave it; only ob- 
ſerving, that by a train of reaſoning, 
Newton has proved that a globe moving 
through a fluid, ſuch as air, that cloſes 
behind the body as it moves, ſuffers 
but half the reſiſtance which a cylinder 


will do of equal diameter, if it moves ' 


endways; and in general, let the ſhape 
of the bodies be ever ſo different, yet if 
the ſurfaces with which they cut the 
air be equal, the bodies will be equally 


reſiſted. Thus, in the motion of an 


arrow, if the ſurface, with which it 
cleaves the air end foremoſt, he as ſmall 
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as that with which a bullet cleaves 
the ſame, it will meet wth: no er 
dener, 


* 


WIS . now. ben, l ects 
enough, that if a body moves twice as 
Faſt, it will meet nearly four times as 
much reſiſtance from the air, and that 

ſome ſorts of ſurfaces are more reſiſted 
than others. But this difference of ſurface 
however, cauſes but very litele alteration 
in the ait's reſiſtance; ſo that phyſically, 
though not geometrically ſpeaking, we 
may ſay, that the greater the ſurface of 
a body oppoſed to the air, the greater 
will be the reſiſtance. A body which 
has twice the ſurface of another, when 
moved along, will ftrike twice as many 
columns of air in its way, and conſe- 

quently will meet with twice the reſiſt- 
- ance. Bodies however that have a 
great deal of weight under a ſmall ſur- 
face, will meet with a very trifling reſiſt- 
ance, compared to the force with which 
they 1 move. For to make this very plain, 
e 


- 


Eher intel Ph phy. 


- ſappoſe an hollow: paſte-board globe Bent 
| ſhot from the mouth of a cannon, the 
reſiſtance - it would meet from the air, 
would be in proportion to its ſurface; 
as we ſaid before. But now ſuppoſe it 
to be filled with an hundred leaden 
bullets, each as heavy as the globe itſelf, 
and ſhot forward; the reſiſtance it would 
meet from the air, would be no greater 
than before; but there would be an 
hundred bullets within it, that met 
with no reſiſtanee from the air what 
ſoever, therefore the whole of the globe 
would move forward with all its parts, 
an hundred times leſs reſiſted than when 
it was hollow. Thus, though light and 
heavy bodies meet a reſiſtance great or 
little, as their ſurfaces are large or ſmall, 
yet the power that heavy bodies have 
of overcoming this reſiſtance, is much 
greater than that of the light. 'The force 
that has driven the heavy body forward, 
_ was impreſſed upon all its parts, the force 
of the air that reſiſts it, is merely impreſ- 
ſed wy the parts of the ſurface alone. 
FROM 


— 
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FRO all this therefore it appears, 


that the ſmalleſt bodies having the a 


greateſt ſurfaces in proportion to their 
weights, are moſt reſiſted in their pro- 


greſs through the air. From this it 
appears, that a body reduced to powder 
can be thrown but to a very ſmall 
diſtance, the reſiſtance being great, be- 
cauſe the bodies in motion are but ſmall, 
A fowler who ſhoots with ſmall ſhot, is 
ſenſible that the charge can carry it but 
a ſhort way, if compared to the diſtance 
to which a bullet would go. Should the 
ſurfaces of all the grains be united under 
one general ſurface, and the whole be 
.melted down into a ſingle ball, this would 
proportionably diminiſh the ſurface, 
this would diminiſh the air's reſiſtance, 
and this would carry the charge to a 
more diſtant mark. From this it appears, 
that a body thrown from the hand 
will go fartheſt if it does not divide by 
the way; for its diviſion multiplies the 
| ſurfaces, and the ſurfaces increaſed, ſo 


alſo is the air g reſiſtance. . 
Tavs 


F 
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Thus far we have ſpeculated, as if the 


body to be moved was only in motion, 
and the air was quite ſtill and motionleſs. 
This however it ſeldom is; we always 
perceive ſome wind, and there is almoſt 
ever enough to point the weather-cock. 
In this caſe therefore, a body moving 
againſt the wind has a double reſiftance 
to overcome, its own inertneſs to motion, 


and alſo the motion of the air. For 


this reaſon, the motion of the body will 
be retarded in proportion as both theſe 
reſiſtances are increaſed : if a race- horſe 
ſhould carry his rider with as much rapi- 
dity againſt a ſtrong wind as he does in 
a calm, the jockey would not be able to 
endure its impulſe; but this he 18 unable 
to do. | 


1 all that has been ſaid of 


friction, and a fluid's refiſtance, we ſee 
how vain it is to expect that a body will 


move for ever; ſince if we could ſuppoſe 


an infinite force to ou it into motion, we 
here ſee a refiſtance continned infinitely 
*to 
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to controll it; and where two forces 
are equally infinite, they will deſtroy each 
other. We might perhaps, upon the 
principles of mechaniſm, contrive ſuch 
x machine as would move, if unreſiſted 
by external preſſure; this we muſt ſup- 
poſe, if we allow the firſt principles of 
philoſophy, which take it for granted, 

that all motion if once begun, would, 

if uncontrolled, continue for ever. A 
pendulum, if its machine never required 
winding up, would in this ſenſe be a 
perpetual motion; but ſuch machines 
for pendulums have never been hitherto 
diſcovered,' and they might anfwer but 
few uſeful purpoſes upon the diſcovery. Es 
In fact, the perpetual motion is now 
ſcarce ſought for by any; we even. hear 
the name now little uſed, except in the 
moutfÞs of thoſe half witted people, who 
are faid by the vulgar to have gone mad 
with too much learniog.” | 
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claim the firſt' place; its proper- 
ties are mote obvious than thoſe of air; 
for even the ignorant allow water to be 
a fluid ſubſtance, but few of them will 
grant air; which they do not ſee, to have 


any ſubſtance whatever. Its ſervices td 


mankind alſo give it the preference to 
. other liquids, and are well known; but 


it is not our buſineſs to declaim upoti | 
its uſes; let us as far: ab 1 we can explain 


its nature- 371 5 7 BOY! DT 957 3431.2 
; „ 3-4 oilawp. 5 l u 
Mew rptd fluid la may tem, 
and untefifting to the touch, yet few 
bodies can be found, the parts of whicti 
are more hard. If it be put into a globe 


bf metal, and the hole be then oldere 


up With "cate, no att, no power nor 
force on eatth can preſs 114 into a ſmaller 
—_— than it occupied before. We 
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MONO fluids, Water Icems' to 
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can 1 metals into a Ser 

compaſs, hard as! they appear, but 
water cannot be condenſed. If our 
attempts be proſecuted ' with violence, 
the metal, and not the water, will give 
way; for the fluid will drive through 
the n of the. ee eee like 

th upon its — 194011 6 


Non is the, har A ducks) of ae p parts of 
water Jeſs proved, = the pain it gives 
upon ſtrikin | 3th ſurface Pretty, {martly 
who. at mera Foc _ 7 <a the 
| battlements of high bridges, have been 

cruelly undeceived with regard to the 
unreſiſting qualities of this fluid; the 
ſhock the body ſuſtains in this rude ex- 
periment, is inexpteſſibly violent. But 
it is no way extraordin that the body 
ſhould feel pain in the conflict ; for if a 
laden bullet itſelf be diſcharged from ; 
a gun, into, the Water, this ſeemingly 
80 fluid will ara flatten 
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ue ended, When knie are reduied i 

hapoiir | by Beat Thole fteams whic 
we ſee riſing from the ſurface of b boi ling 


water, and which to pear ſo fee e, 

Fet, if properl dee ak 

meuſe Bice 6 Hi = fame manner Fr: 

5 Kod Ka but mall effect, if ſuf- 
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Kainz Bol with d 155 tent, when it 
1 eri Fed to [ Evaporate f into the. air; | 
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Pos ON 1 his kis principle X the irreſi iſtible 


. ts eam of boiling: water, one 
of the moſt for ecefal and noble. machines 


has been completed i in our days, that 
ever appeared among the inventions of 
mect echaniſm. Ttis called the ſteam engine, 
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Bebe by which, the fo orce of ſteam 
made to anſwer all the purpoſes of the 


181 L 
£2. 4 © 


6180 Rrength of hundreds. , The force | 


of. ſteam may thus be a pplied - -to the 
worki 8 of e excellively large machines, 
ch Would k require a moſt expenſive 


9 55 of bodiſy labour to 0 manage. The 


tam force may 7 be applied to | the, raiſing 
immenſe” Te to the fatigue of 
whith; animal I firdagth”'w wor e un- 
equal; 3 in ſhort,” . rc, rest force 
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and perſeverance are wanted, t 


gines can effectually lend their afiſtatice- 


The moſt uſüal pu rpoſey" however, "to 
which” the” force of ſteam has been a ap- 
plied, are in wor rking' Pumps to clear 


the water from mines, or raifing "it 
to proper heights for the fupply of cities. 


| Philoſophers” were long Acquainited [with 
the great Force” of ſteam, and "Papin 
actually contrived an inſtrument, ſomes 
what reſembling chi ſteam engine now in 


1288 


5 ufe; büt in miniature. But yet this in- 
ſtrument of Papin's contrivance, was 


only a ſubject of ſpeculation to the 
curious; though! long before him the 


marquis of Worcefter had afſertedithe uſes 
to which the force of ſteam might be 


converted, in a machine for raiſing water. 
Still however neither the principle nor 
its utility were generally known, ſo that 


the honour of the compleat diſcovery 
and uſe of this machine, which is incon- 
teftably the greateſt production of the 


preſent age, was reſer ved for two ob- 


but ſenſible citizens uf plain under- 
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if bas 7 E A 
mo eee 0. Mr. 
Tig a glazicr, inhabitants of Barr: 
— 5.the perſons. ig bam we are 
bred tax... this. furprizing. . Engine, 
which bas beep of. more fexyice. ta man- 
kind: than, the invention gf algebra. 
The. principle, an Which it ie founded is 
_ qalythig; Inſtead of. working an enor- 
mqus water pump with bodily, labour: 
the ſteam may, be. ſo applied 3s to drive 
up; the arm of a pump rod. and the 
power. gf ſuction will ſetve to draw it 
down again; ſo that the arm, chus alter - 
Nately raiſed and depreſſed lifts the 
waer in dhe: umg. which flowrs out at 
top, at dhe rate W three ee 


Tor ls 2 401 911k ie] 1245 +501 


Br t give | the. 8 ſaperfica 
ides. af hig machine, let us imagine a 
common; pump prepared, ſuch as we 
Gery day ſce, and that we want to move 
he hanille of this pump upward, by 
| eee 4 ee In the firſt place. 
i | let 
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ler us ſuppoſe matters may be contrived 


ſv as char the handle; or ſomething joining 
to it, may go into the barrel of a gun, 
or ſome fuch hollow tube, ſet /upright 
over 4 cauldrow containing boiling 
unter. Next let us ſuppoſe, that the 
ſteam may be let into the tube at plea- 


fare, through the touch-hole; now as : 


 the'five begins to dilate the ſteam, a part 


of it will enter the tube at the touch-hole, 


and this will preſs up the pump handle 
which fils the tube very exactly, and 


would drive it quite out at the mouth, 
but that by the time it gets near the 


moutk of the barrel, there is a contriv- 
anee by which a little cold water is 
ſponted into it, and this effectually de- 
ſtroys tlie ſteam at once; and thus it 
ſinks to the bottom of the barrel and 
eaves it perfectly empty. The air there- 
fore without will now come into play, 
and preſs down the handle again into 


the empty tube, into which no ſteam is 
permitted to enter, by a contrivance 
1 flops up the touch-hole below; 

— but 
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but when. the. handle is th e Preſſed 
down, the touch-hole below is again 
opened, and new ſteam enteringtagain, 
preſſes the handle upward; when the 
handle comes toward the top, the ſteam 
is again cooled and deſtroyed as before, 
and the handle B is preſſed down 
by the external air; and thus it is alter- 
nately preſlel up p and don, and ene 

the ws vith unwearied Wee 
sven is. 1 the * of- -yapaitts — * 
part of the uſe to which it may be ap- 
plied. But although the ſtronger the fire, 
the greater the forge of the vapour, and 
the greater its quantity alſo, yet no: fire 
how fierce ſoever can give water above 
a certain degree of heat; for as ſoon as 
it boils, we may increaſe the fire in, the 
moſt vehement manner. imaginable, yet 
the water will not get one whit hotter 
than before. The greateſt heat water is 
capable of receiving, being meaſured by 
the themometer, juſt amounts to two 
hundred and twelve dy at that pitch : 
it 


| Experimental Philoſophy. 313 


afterwards ſerves to promote its evapo- 


ration, but not to inereaſe its heat. 


ver, though it becomes no hotter,, 
— 5 power of diſſolvin g the texture 


this means, the parts of the water, ſtr 


with more force upon the parts of the | 
body, and thus ſooner e their, 


| ATR ES: 
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_ water — to — hy it is vuſnally 


| 2 to bubble; the leſs it is preſſed by 
the atmoſphere above, the more it. 
bubbles, and in the void it bubbles very 
readily:; if the ſurface of boiling water 
be therefore covered with a fluid, which, 
preſſes like the atmoſphere upon it, the 
bubbling; or as it is uſually called, the 


boiling over of the water will be thus, : 


prevented, The more tenacious or gluey, 
any. fluid. is, the more in this manner 
it is apt to boil over; however, if any 


* fluid is thrown in which will 
2 TT "= 


it hegins- to boil, and increaſing. the fire 


-ubſtances thrown, into it, is increaſed. 
by increaſing the heat beneath; for by 
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proſe: den the bubbling n =Y 

thus make an artificial atmoſphere, if 1 

may fo Led it; this will provenit tho 

e 

e Boiling ſugar d hae wire 
but this'is'prevente — 

| i a — "of better, or ome dach like 

For ing. * 20515 N 
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| "Tax cauſe of this ebullitica't in bolting 
water, the cauſe of the ſurprzing forco 
of its vapours when driven off by heat, 
the cauſe of the yielding fluidity of its 
parts; theſe are utterly "unknown, and 
i this refpe& w contented like 
=P geographers, to give the map er a A 'coun- 
| ty, without knowing its real prodi 

tions. Some aſcribe the bubbles in 
boiling water to the air endeavouring 
to get free, and thus aſſuming a ſphe- 
rical figure, Others aſcribe them to the 
parts of the water itſelf, reduced into 
FAM plates by the n of the 
3 | 5 Parts 
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rts of the. fre, For the firſt; waters 
purged of their air by former boiling; 
bubble as much as thoſe which have 
all. their air ſtill remaining; as to the. 
ſecond, the denſeſt liquors, bubble leaſh, 
ſuch. as mercury, yet theſe admit of 
4 much greater proportion o fire ber 
tween, their parts to reduce. them to thin 
—— 2 — Halves — e and 


22 will tell us, that the fire 
conſumes. and feeds upon bodies, . only 
becauſe they contain a. quantity of oil 
That this oil, when, ſet on fire, has an 
beat of fix, hundred, degrees, that, the 
greateſt heat of water, is only two hun» 
dre and twelve. degrees, ſo that water 
- muſt, cool the oil, and ſextinguiſh the 
ame. This would be A Very plauſible 
| ſolution, did we not find that water often 

makes a fire burn with ſtill greater force, 
When: thrown, in ſmall. quantities upon 
wi * in h can water, mixed 


with 


imäginary oil? Wars it bir 
Kereer, 4 ,t 76. n 119 0 9977 

Sarl Hainer 9100) as Hoi es 
$4 Wars, Uke eefty other bübcläaee | 
with! which mackind ate abquainted, is | 
nmixed; though 

ir be — ever ſo often, 5 yet it will 
| have an eafthy fediment at the bottom 
of the vellel, in hielt the“ prbccſd "is 
per ormed. We have wry account or the 
different ſub 


farices with Which it is 
viſually m ned, f in Baef habe; but one 


more decurgte All," has lately been given 
1. by Ps Gen cpi. Rn ® 


fifty Engl 48576 of” x tin water, pin 
upon diſtillation, an hundre grains of 
a yellowiſh White earth, a few rains of 
nitre; and ſome” of common ſalt. The 
greateſt are ue taken to ha ve the water 
pure and unpolluted, yet fill it exhibited 
this' heterogehebus mixture. © Theſe ſalts 
were | evident Iübenonſtruskene that the 
ame water alſd contained oil, and there- 
e i or ir müßt! have been upon that 


2's. | account 


much leſs quantity, than in the ger 


8 A 
account; ſubject to — For 
e : Margraf ex poſed it for 
ſome-time to the weather, and at about 
the oo. of one pe he n a 
— ih ubtance began wo tick ro the 
the ned: of 2 fanding er you b 
was diſagreeable, but it was near three 


| months before at was perfectly putrefied ; 3 
a proof that the oil it contained was in 
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rality of other ſubſtances, which rot 
much ſooner. Snow water exhibited the 
very ſame appearances, but upon the 
diſtillation, rather furniſhed more earth. 

and leſs nitre; a pretty evident proof 

that nitre is not the cauſe of the congela- 
tion of water into ſnow, as j ſome have 
imagined. In ſhort, in this naturaliſt's 
experiments, ſno water ſeemed equally 
foul with that of rain water; contrary 
to the experiments of B9erhaqve; and 
many of our own countrymen, who have 
taught us to regard ſnow water as more 
pure, than any other, 


Souris 


rind, eue i. Sean pufe br 
polluted in proportion. as the earth 
through which it happens to ſtreum, is 
eee with - minerals dann 


waters which come — beds 
_of — pany. of yes <P 


are ane more rey 


13 en Farich Shes Water 
in proportion to the purity of the fotin- 
tains by.which they are fed, ot the 
nature of the foil through which they 
flow. The largeſt rĩvers have in general 
the moſt unpolluted ſtrehms ; the Hadus; 
the Rhine,:and the Thames, all produte 
the ſoſteſt and pureſt waters, moſt 
pleaſing to the diſtinguiſhing palate; ne 
eaſt 0 to ne STE 
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Ane ſaline and metallic prineiples, 
iT muſt 


y nente! — 
muſt *. neceſſarily - more heavy 2 


when perfectly pure; ſo in many caſes, 


the: —— of water will rms to 


? r will i in general de the lighteſt; but 


erer : 


for often à putreſcent oil is mixed in- 
timately with the fluid; particularly when 


it flows over fat and unctuous beds of 
earth; this in a ſmall quantity mies 


with its ſubſtance, diminiſhing its weight 
at the ſame time that it * — its 
Ne. to eee 11607 | 


+ 
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pools is the moſt impure and noxious 


to the conſtitution; -. Water ſerves as a 


diſſſolvent to almoſt every ſubſtance that 
ts thrown into it; in this manner ſalts, 


metals, plants, ordures of every kind, are 


all generally mixed together in theſe 
places, and make one maſs of corruption, 


i to the — 
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equally difpleaſing to the ane: and in- 
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Furs water however; may be uſed in 
caſes of neceſſity: but there is fill 
larger ſtore of this fluid, which nature 
ſeems not to have allotted for the uſe of 
man, I mean the falt waters of the ſea. 
'Theſe, as we well know, contain ſalt in 
very great quantities, together with a 
bitumen, perceivable both to our taſte 
and ſmell; theſe ſalts being much 
| heavier than water; and being diſſolved 
in it, give the contents of the ocean 
that ſuperior ſtrength and weight which 
freſh water cannot equal. Where freſh 
| water ſupports a body of a thouſand 
ng i ſea water will ſupport, all other 
zircumfiatices the ſame, ry a thon- 
fad d and Dry opener 
' 1295 3 07 103%: 7596 
Hrn E __ new quifibons ariſe, for 
which philoſophy has not yet found a 
fe ſatisfaQory; ſolution ;! ; Whence is it that 
the ſea water is charged with ſaltneſs, 
while that of rivers is mild, freſh, and 
fit for human purpoſes? Some, inſtead 
of giving a cauſe for its ſaltneſs, have 
n i Wonka. cn” offered 
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offered reaſons to ſhew that it is fit 2 
| fea ſhould be ſalt. Wanting, lay they, 

the motion which rivers have, it would 

be apr to putrefy by its natural ſtagna- 
tion, but ſalt preſerves all ſubſtances | 
b Nom: putrefaction, and therefore- it pre- 
ſerves the waters of the ſea alſo. This 
is falſe: the ſea is prevented from ſtag- 
nating by many cauſes, as for inſtance, 

the tempeſts and tides give it continual 
motion; and when ſea water Hy 
Ae it * like freſh. . 


| Halky 5300 ſuch a. n ſub- 
fiitutes one of his own! he thinks that 
tivers waſh down all this falt from 

the earth - into the ocean; and that 
at firſt, the ſea water was as freſh as thag 
of the rivers themſelves. This is not 
true : the ocean 1s ten times as large as 
the earth; ſalt makes a fortieth part of 
the ocean. If the earth ſupplied this 
fortieth part, a fourth part of its ſub- 
ſtance muſt thus have been ſolid ſalt; 
but common earth does not furniſh a 
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grain of ſea ſalt from an hundred pounds 
of it. Buffon aſcribes the ſaltneſs of the 
ſea, to beds of ſalt at the bottom of 
the ocean. An experiment is againſt 
him; ſea water is ſalter at top than at 
bottom. We muſt at laſt therefore be 
compelled to unite theſe two cauſes, and 
this will bring the matter ſomething 
nearer to probability; let us then ſuppoſe 
khat the ſea is ſalt, from the rivers which 
continually bring in a ftore of this 
mineral with their waters, and from 
beds of ſalt lying at the bottom of the 
ocean, which its waters are e diſſolving 
and carrying er. 
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CHAP, XX. 
of Springs and Rivers. 


"ERE water always at reſt, un- 
diſturbed either by the winds 
or other external preſſure, it would 
corrupt and putrefy. We have already 
taken notice of its putrefaction in the 
veſſels of the chymiſt, who expoſed it 
for that purpoſe, and the ſame thing 
conſtantly happens to thoſe who ſtore up 
water for long voyages. It loſes its 
tranſparence, generally becomes firſt 

| brown, then greeniſh, and at laſt turns 
red; in fact, it always putrefies: but the 
waters of different rivers have various 
appearances in each ſtate of their putre- 
faction, each putrefying leſs offenſively, 
in proportion as it furniſhes a fluid 
the leaſt polluted with heterogeneous 
mixtures. 


"I 


Tuts putrefaction is prevented in the 
natural ſtate of things, by the motion of 
ade > * the 


* 


flows, may 
penetration ; the conſequences of this 
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the fluid; for we ſeldom ſee water 
running in ſprings, rivers} or ſeas, 


ſuffer theſe 8 By conſtantly 
rolling onward; it is probable that the 
fluid ſtill preſents new ſurfaces to the 


ambient air,. and either imbibes a freſh- 
ening pritciple from the. atmoſphere, 


or depoſits its feculent parts upon air, 
which, like a ſponge, is fitted to attract 


them. However this be, certain it is 


that running ſtreams and rivers are more 

pure than ſuch waters as ſtagnate; fo that 
though: we may be ignorant how motion 
thus contributes to the ſwęetneſs and 
tranſpafence of water, yet ye are certain 


that mation produces theſe happy effects. 


The manner how. Water freſhens as it 


*be hidden, from human 


motion are ae to the 1700 
earch: ; Jim balicq Has 


T_T. EF”. 
$4: #851 


Bor now it becomes an enquiry 
equally: intereſting: and curious, to in- 


veſtigate how this N motion in 
1 Waters 


— Philo phy 325 
waters has been originally produced; 


how this circulation of the fluid, which 


we ſee carried round our globe, is con- 
tinued; from whence do ſprings derive 


their ſtores, | to furniſh rivers with a con- 


ſtant ſupply; in what manner do rivers 
flow conſtantly towards the ſea ; or how | 
does the ſea itſelf daily fwell and fink 


in tide and _ in en alter- 
nation? 


To begin oth the firſt natural agent 


in this extenfive circulation, we muſt, 


_ obſerve, that the atmoſphere has a power 
of raiſing waters up into itſelf in large 


quantities. We have ſeen capillary 
tubes lift water much above its level; we 


have ſeen a loaf of ſugar, wet at the 
bottom, ſuck up the moiſture to the very 

top, In this manner probably i it is, that 
the bottom of the atmoſphere reſting 
upon a large ſurface of water, attracts it 
up into itſelf, and becomes loaded with 


the vapours of the ſubjacent fluid. This 


evaporation alſo is not a little forwarded 
TS - 


— Uv—ͤ— 
—ñ—̃ — 2 —— by 
=.” * * 
* 5 4 - 2 
. — 7 pos "et A - 
— -en r r —— =_ y 
- _ BI — ng = 1 
— — on = * 
— — — — 


«= - = — EF = 
'T D 
— n 


—— — eee — — 
— _ - % . —.— 
2 4 
3 * - A N * as l R 
n — 
n od * r 
— —— & > — EY £2 
— 0 
B at ate 


ad 
« — 


326 _ 26; SURVEZET of 


by the beams either of the ſun, or the 
heat which we know to be encloſed 
within the boſom of the earth; theſe 
dilate and increaſe the ſurface of the 
fluid, and conſequently ' promote its 
aſcent. ' Winds alſo in the ſame manner 
promote this evaporation; they raiſe 
the water into waves, and we need not 
be taught, that the ſurface of a pond 
- when uneven and wavy is greater than 
when it is perfectly ſmooth. All theſe 
cauſes therefore concurring, water is 
raiſed in great quantities into the air. 
If then we ſuppoſe this body of water 
continually raiſed and riſing in the 
atmoſphere, and again falling upon 
carth; if we ſuppoſe thoſe immenſe 
ſtores of fluid, ſucked up from the ocean, 
to be condenſed into rain, ſnows, and 


dews, and to depoſite their ſtores upon 
land, here will be a fund ſufficient, 


for the n of r, nd 
Fes: 55. 


Ler us now then carry our imagina- 
tion to the courſe which a body of 
theſe 


— Piep 


theſe vapour may be ſuppoſed to A in 
the air. A fleet of vapour riſing from 
the ſea, and wafted by the winds to land, 
is carried over the low grounds with 
an even flight, till it daſhes againſt the 
ſides of mountains, or is lifted up by 
the riſing air to their tops. Here the air, 
which was at firſt capable of buoying 
the vapours up, ſoon becomes too 
light to ſuſtain them, and alſo the 


vapours being condenſed into larger 


drops, by the cold of thoſe upper 


regions, they ſink like rain upon the 
mountains ſide, and trickle downwards 
into the chinky bed of the hills: here 
entering into their caverns, they gather 


in thoſe natural baſons, overflow, and 
at laſt force themſelves a paſſage, and 
thus ſingle ſprings are formed; many 


of theſe running down, by the vallies 


between the ridges of the hills, and 
coming to unite, form little rivulets or 


brooks; many of theſe again, meetirig 


in one common valley, and arriving at 
the plain, become a river, the magnitude 


mY i 


n 
_ — 
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of wh ich is generally in Weertien to 
the greatneſs of the untain from 
whence its waters deſcends The largeſt 
rivers flow from the greateſt mountains. 
The Andes of America, ſend forth their 


Marannon; the Ajfriggn mountains 
of the moon, their Nile and their Niger; 
the ww: their Danube and their Nane 


Die. perhaps it may . ae tha | 
tion alone, is a cauſe too flight 
nd inſufficient to produce thoſe im- 
menſe torrents of water, which we have 
juſt enumerated. To this Doctor Halley 
replies, (for the preſent theory is taken 
from him) that the quantity of water 
raiſed by evaporation, 15 more than ſuffi- 
cient to effect all theſe purpoſes, He has 
attempted to prove, by evaporating a 
determined quantity of water, with the 
natural heat. it generally ſuſtains, that 
every ten inches ſquare of water, loſes 
one inch i in a day, by evaporation; and 
therefore, knowing the number of ſquare 
miles in the ſurface of the Mediterranean 

ſea, 
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fes, WR ealculated that it would loſe —— = 


evaporation, every ſummer day, fifty- 


two thouſand and eighty millions of 


tons. This he ſuppoſes to be 


two thirds more t than it gains, by the 


nine great rivers which flow into it. 
The water of its evaporation alone, 
would be therefore en to fill three 


times as many rivers as empty them 


ſelves there; and what is true of the 


Mediterranean, may be applied with 


equal force to every other great reſervoir 


is not equal to half of what they loſe by 


evaporation; however, if the ocean fur- 
niſhes in this manner more than enough, 


it may be ſuppoſed to fall back i in rains 


vn its own boſom. 


IT would be in 4 e unkind to 


diſenchant the uties of the. proſpect 
weh this theory preſents us. A romantic 


z2gination can form nothing more ſtrik- 


ing than this unceaſing rotation of waters; 


clouds riſe from the ocean, travel till they 


pally againſt the tops of the higheſt moun- 
tains, 
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tains, achend feebly in little ſtreams 
down their fides, enter the ſubterranean 
caverns of the earth, overflow, burſt forth 
in ſprings, and at length they all aſſemble 
into rivers, that carry the united torrent 
again to its parent ocean, Such ſpecula- 
tions are amuſing; n . ſpeculations 
however may be driven too far, ſo here 
ſuch a quantity of evaporated water has 
been contrived in ſupport of this theory, 
as would, if it fell, drown our earth, 
Inſtead of refreſhing it. Almoſt every 
calculator ſeems to admit,” that near one 
third more water is raiſed by evaporation, 
than falls in rain: now what becomes 
of the ſurplus, which we muſt ſuppoſe 
not to fall, is no eaſy matter to deter- 
mine. In one part of this theory alſo, 
Halley aſſigns as a reaſon for the Medi- 
terranean's conſtantly receiving a ſtrong 
current from the Atlantic ocean, that the 
Mediterranean loſes ſo much of its water 
every day by evaporatign, and conſe- 
quently requires this ſupply. But how 
gan this be 5 cauſe of the current in 
queſtion, 
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queſtion, ſince the Atlantic ocean loſes 
as much water by evaporation, as the 
Mediterranean itſelf. The ſame influ- 


ence acts equally upon both, and ſo will 


cauſe no difference on either. 


5 Wa un uuifberleſt rivulets unite, they 
form a river, and in every country there 
ſeems ſome region higher than the reſt, 
from whence its rivers ſeem detached on 
every ſide to the ſea. Varenius the geo- 
grapher has made an aſſertion that at 
_ firſt ſeems extremely improbable, when 
he gives it as his opinion, that all rivers 
were originally formed by human toil 
and induſtry that at firſt they might 
have been but ſmall canals, but being 
widened by degrees by the current, they 
at length have ſwolen into a Molga or a 


Po. . Wherever, continues this geogra- 
pher, we ſee a flood of water hurſt from 


the earth, the water forms no channel, 


makes no progreſs towards the ſea, but 


overflows the adjacent country; there 
forming a lake, which is either con- 
ſtantly 
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ſtantly r or ſoon d up by 
evaporation; he alſo mentions ſeveral 
rivers that have had their channels 
| evidently 5 made | by- human labour. 
His obſervation is curious, though his 
reaſoning be falſe; and indeed it is ex- 
traordinary, that though natural hiſtory 
informs us of many new lakes, that are 
naturally formed by the burſt of waters, 
it can Furniſh us with no accounts of 
rivers made! in the ſame manner. | 


i r and his 400 
nions, we muſt obſerve, that it is moſt 
probable rivers have originally formed 
their own channels. If the ground over 
which they flow be very ſteep, the water 
muſt acquire proportionable ſwiftneſs ; it 
_ muſt thus level the grounds which nature 
has oppoſed in their way, the water will 
by its weight ſink itſelf a bed; and 
wherever the ſtreams are directed with 
greateſt rapidity, there they will wear 
the earth moſt, e e witett” or 
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Wr a river has thus levelled itſelf 
a bed, it will then flow more horizon- 
tally along, and of conſequence will 
wear its channel more ſſowly; by this 
means the bottom will at length be in - 
ſtate of permanence; whatever it loſes by 
the continual bruſhing of the water over 
it, it will gain by the ſediment the water 
naturally depoſites wherever it flows. 
The ſteepy deſcent of rivers, when they 
firſt begin their curſe, is generally very 
great, for it is this which gives them 
ſtrength to force a paſſage to the ſea; as 
they flow onward, their deſcent is "Ks 
precipitate, they go onward more gently, 
and their fall is uſually very little as 
they approach the ſea. From hence we 
may conceive a general picture of the 
windings of à river. When the waters 
towards their ſource are rapid and head- 
long, they move directly forward in a 
ſtraight channel; but as their deſcent 
leſſens, their windings increaſe; and ever, 
as they approach the ſea, aſſume greater 
meanders, By this 8 Mr. Fabry, 


when 
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when travelling through deſolate ind 
uninhabited countries, was always en= 
abled to form a probable conjecture of 
his diſtance from the - ocean; the fewer 
the ſinuoſities of the rivers, the farther 
was he removed from the ſea, | 


Taz: n of 1 1 s current 
5 ariſes from two cauſes, the declivity of 
its channel, and the quantity of its 
waters; therefore it ſometimes happens, 
hat thoſe rivers which have the greateſt 
declivity, are not ſo rapid as thoſe 
whoſe declivity is much leſs, but whoſe 
waters are more abundant. Thus the 
Rhone is by no means ſo rapid: as the 
Danube, and yet its channel is more 
: ſteepy; ; for they both ariſe from the ſame 
mountain, but the Rhone falls by a 
ſhorter, and conſequently a more prect- 
e courſe. i into the * 


Ir is not my. HENS to „ Sire in this 
place a geomerrical theory of motion of 
water 1n rivers; that depends upon prin- 

ciples 
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_ Tiples not yet explained; ; though in fact, 
there is nothing in the writers on this 
ſubject, upon which we can depend with 
certainty, Thus they obſerve, that the 
bed of a river may be compared to an 
inclined plane, and the water as moving 
down it with an increaſing velocity, 
and conſequently the greateſt ſwiftneſs 
will be at the river 's mouth, But then, | 
ſay they, in proportion as the yelocity is 
| increaſed by the deſcent, it is retarded by 
attrition againſt the bottom and ſides 
of the canal, and this more than coun- 
terbalances the former celerity. 
Twas parts of the ſtream that are 
moſt in the middle are ever the ſwifteſt, 
becauſe they receive the leaſt obſtruction 
from the bottom and ſides to their pro- 
greſſive motion. For this reaſon, the 
union of two rivers muſt encreaſe their 
eelerity, as it diminiſhes the number of 
obſtacles which they would meet with if 
their courſes were ſeparate. This alſo will 


give the reaſon why great rivers with 
23 a ſmall 


a a ſmall declivity, are yet more rapid 
than ſmall rivers Whoſe declivity is very 
great. The waters of the former meet 
with leſs obſtruction, and go forward 
with all their communicated force, while 
thofe of the latter continually fuffer 
delay ori the ſides and bottom of their 
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Wurkreri K ikke the channel 
of a” river, increaſes the rapidity of the 
ſtream; for the force which drives the 
water Forward ſtill remains tlie ſame, | 

and we all know that the ſame force 
impreſſed upon any body, Apart 1 for- 
ward with greater velocity, in ion 
as the body is leſs. Thus we ſee — 

going with great rapidity under the 
arches of a bridge, becauſe the channel 
is n e which _ ag 

We are not to eue in redes 
of geometrical writers upon this ſubject, 

 - that the ſurface of a river is quite even 

and plane from one bank to the other. 
ny | Os 
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PR” upon a ſudden inun- 
dation; or when the middle of the cut- 


rent is extremely rapid, the middle part 
riſes above the other parts of the ſur- 
Hlace, ſometimes, as it has been found 
| by admeaſurement, three feet, though in 


a ſmall river. The ſwiftneſs with which 


the middle of the current is driven, in 
ſome meaſure deſtroys its gravity, and 


thus it riſes moſt, where its preſſure 
from gravity is leaſt. When a river has 


a backward ſtream, as in the caſe of 


tides flowing up its channel, then the 


water is higheſt towards each bank, and 
loweſt in the middle; in the former caſe, 


the water of the river reſembled a ridge, 
in this it is hollowed like a furrow. 


and that at its bottom, are often found 
to have very different rapidities: if for 
inſtanee, we dam the ſurface of a river, 
by a bridge of boats thrown acroſs it, 
while the rapidity above is thus dimi- 
niſhed, the rapidity of the water running 
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under the. boats, is greatly "increaſed. 
"Thoſe therefore Who ſwim in ſtreams, 
interrupted i in this manner by boats or 
timber, ſhould not truſt to the ſmooth 

ppearance of the ſurface, for very fre- 
quently, a ſtrong and a fan current 
lurks beneath. 


n Wirn regard to the overflowing of 
rivers, the inundation is generally 
greater near the ſource, than the mouth 
of the ſtream ; for wherever the force is 
greateſt, there will be the moſt likelihood 
of the waters burſting their banks, or 
overflowing them. But we have before 


_ obſerved, that the declivity of the ſtream 


is greateſt towards the ſource, and con- 
ſequently the force of the ſtream againſt 


its . muſt be . there Ao. 


Tazsz "Bag Ay: ſuffice 1 en this ſub- 
Jet; but it muſt not be ſuppoſed, that 


general rules can give usany certain infor- 
mation; a huſbandman who, conducted 


by geometry alone, ſhould attempt to alter 
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the courſe of a river, or ſtop its inunda- 


tions, would be ſoon taught, that un- 
taught experience alone, was in this 


inſtance a much better inſtructor. In 


ſhort, the natural hiſtorian is a much 
better guide on this ſubject than the mas 
thematician; 
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2 has been the fortune of philoſophy 
to ſucceed beſt in accounting for 
| the greater operations of nature, while 
it is evidently feeble i in the minute. In 
the ſame manner as we have a ſatis- 
factory idea of the planetary ſyſtem, we 
have but an obſcure account of the 
changes wrought in our own at- 
moſphere. Thus alſo, the theory of the 
flowing of a ſpring is but uncertain; 
the theory of the tides of the ocean is 
__ demonſtrative. 


As rivers flow and ſwell, fo alſo does 
the ſea; like theſe it hath its currents, 
that agitate its waters, and preſerve them 
from putrefaction. This great motion 

of the ſea is called its tides. The waters 
of the ocean have been obſerved regularly 
from all antiquity, to fwell twice in 
about four and twenty hours, and as 
aften 
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often to ſubſide again. This ſwelling 
of the. ſea is moſt obſervable upon 
ſhelving ſhores, where the waters retire. 
for near fix hours, and leave them quite 
dry, but ſoon return again and overflow 
the ſands; and thus the alternate ebb 
and flow is twice perceived, in the ſpace 
of ſomething more than four and twenty 
hours. + 5 * 
Ir was an obſervation alſo, in the 
earlieſt ages of mankind, that this ebb 
and flow had a conſtant correſpondence 
with the moon, and that the ſea's 
motions ſeemed to be guided by the 
moon's motions. They obſerved, that 
vhenever the moon came over our heads, 
one of theſe ſwellings of the ſea was ſeen 
alſo. They remarked, that whenever 
it was either new or full moon, the 
tides were greateſt; and on the contrary, 
whenever the moon was between the 
new and the full, and ſhewed us but 
half its face, that then the tides were 
leaſt, There are ſeaſons of the year 
„ =. when, 
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when, as aſtronomy ſhews, che moon 
is nearer the earth than at other times; 
they knew that at thoſe ſeaſons the 
tides roſe higheſt in proportion. They 
remarked with equal ſagacity, that the 
ſun, in ſome meaſure, joined his influ- 
ence to that of the moon; that when 
the ſun and moon were on the ſame ſide 
of the heavens, then the tide roſe on that 
ſide higheſt ; on the contrary, when theſe 
two luminaries were on oppoſite ſides, 
that the tides then obeying a divided 
influence, roſe leſs high than before. 
The ſun and moon, as aſtronomy ſhews, 
are more near the earth in autumn and 
ſpring than at other times, and therefore 
the tides obeying their influence, were 
ſeen to be greater at thoſe ſeaſons, All 
this was diſcovered by the ancients, and 
Pliny has given us a chapter upon the in- 
fluence of theſe two e en the 
waters of * ocean. 


Bor this was. only an obſcure con- 
. certian of theſe wonderful appearances: : 
they 
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they knew neither the cauſe of this 
ſwelling, nor the manner in which the 
waters obeyed the lunar influence. The 
moon came over their heads but once in 


twenty-four hours forty-nine - minutes, 
whereas they ſaw the tides actually riſe 


twice in that ſpace, ſo that here they 


were perfectly at a loſs, ſince the tides 


roſe twice as often as the cauſe that pro- 
duced them. The thorough inveſti gation 
of theſe appearances, was left for the 
e of n 3 


__ We be 08 laid it down that attrac- 
tion prevails throughout all nature; the 


earth attracts the moon, and the moon at- 


tracts the earth towards itſelf, each in pro- 
portion to the quantity of matter contain- 
ed in either. This being acknowledged, 


let us ſee what will happen, when the 


moon comes directly over any part of 


the ocean. We have allowed that this 


planet continually draws the whole earth 


in ſome meaſure towards it; but it will 


n act upon the waters, which 
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are more at liberty to obey its influence 
than the ſolid parts of the earth; ſo that 
tte waters immediately underneath it, 
will be attracted up in a heap. Thus we 
may conceive that part of the ocean as 
one immenſe mountain, with its ſummit 
pointing towards the moon. But now 
let us ſee what will in the mean time be 
doing on the oppoſite ſide of our globe? 
We ſaid that the waters on the ſide next 
the moon, will be more violently at- 
tracted, than any other part of the globe, 
becauſe they are neareſt the moon; then 
of conſequence, the waters on che op- 
poſite ſide will be leſs attracted than any 
ether part of the globe, becauſe they are 
fartheſt off from the moon. If they 
be: but feebly attracted, they will be very 
ght, as we know all bodies feebly at- 
tracted are; if they be very light they 
will riſe, and all the neighbouring waters 
will flow to that place; in ſhort, ſwell 
into an heap or mountain of waters, 
whoſe ſummit points to the oppoſite part 

* _ heavens, as the ſummit on the 
other 
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other fide pointed. to the moon. * 
does the moon, in once going round the 
earth in twenty-four hours, produce two 
tides or ſwells, and conſequently as 
many ebbs: one tide, when ſhe comes 


to the meridian, nearly over our heads; 


another tide, when ſhe is over the heads 
of our antipodes, on the other ſide of 


; the globe. Theſe tides muſt flow from 


eaſt to weſt, for they muſt neceſſarily 
from eaſt to weſt. We readily ſee now, 


follow x the moon's motion, 


that this double power, acting conti- 
nually upon oppoſite parts of the ocean, 


muſt agitate its Whole maſs, and ſpread 


the motion not only to the ſhores of the 
ſeas. but drive its waters a conſiderable 


way: * the rivers alſo. 


lip: all PRs time, we 1 


mention of the ſhare the ſun has in theſe 


niet no 


operations. Were this great luminary as 


near the earth as the moon is, without 


doubt its influence would be much 


ns than that of the moon; but this 
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zs not the caſe; the ſun is placed at an 
 Immenſe diſtance from us, and though 
its power over the waters of the ocean 


is very ſenſibly perceived, yet it is 
greatly inferior to that of the moon, 
which though ſo much leſs, is ſo much 
nearer. Whatever power the moon hath, 
the ſim has a fimilar power, but in a 


ſmaller degree. If the power of both 


_ the moon and the fun conſpire in 


raiſing the tides, they will then have 
their greateſt fwell; if both act in ſuch 


2 manner as to leffen each other*s in- 


_ fluence,” the tides will not then be ſo 
High. Thus, for inftance, when it is 
new moon, aſtronomy ſhews us that 
the fun and moon are on the ſame 
fide of the heavens ; they will therefore 
attra the ocean with united force, and we 


fall have high tides. If again it be full 


moon, the moon will draw the waters 


in one direction, the ſan will draw them 
dtrectly oppoſite, and this we know is 


way, ſo that this alſo will make the tides 


the fame, as if they both drew the ſame 


riſe 
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riſe high. But now if it be half moon, 
then the moon makes different tides 
from the ſun, and the ocean obeying a 
double impulſe, ſwells but in a ſmall 
degree under either. To have a more 
thorough knowledge of this ſubject, it 


is neceſſary to underſtand aſtronomy; 


we will only therefore ſlightly obſerve, 
that the tides arrive each day later by 


forty-nine minutes, becauſe a lunar day 


is ſo much longer than a ſolar day: and 
let us add, that the greateſt ſwell is not 
ſeen while the moon is directly in the 
meridian of the place, but about three 
hours after ſhe hath paſt; in the ſame 
manner as we ſee the waves of a lake 
have their greateſt ſwell, a ſhort time after 
the tempeſt is allayed. Again, when the 
moon - riſes directly over the earth's 


equator, the tides are equally high on 


both ſides of it; but as the moon declines 
towards either pole, the tides will riſe 
on either {ide in proportion to her 
proximity. Towards the poles however 
the tides are much leſs than near the 
equator, 
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equator, hs the moon acts upon the ſeas 
of - thoſe. countries with more remote 
influence; A beſides, the polar oceans 
being | almoſt. continually ſtiffened into 
ice, they leſs IT ns the renee 
Pg * 36 9 jt 


Ws faid chime: thas ta tides 5 
che moon's motion to the weſt; for this 
reaſon therefore the eaſtern. coaſts will 
have high tides, before thoſe that lie 
more weſterly. This is the general law 
which prevails over all the globe; the 
navigation of ſhips to the weſt, is much 
more ſpeedy than their return, for my 
OS manner 8⁰ en the tide.” 


Bur we . not rod to Gn this 5 


law prevailing in narrow ſeas, clogged 
with iſlands, or altered by contrary 
currents. The tides are variouſſy affected 
in their paſſage through different ſhoals 
and channels, and retarded by winding 

round capes and promontories, that jut 
out into the ocean. Thus the tide in 

7811 | the 
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to come to London bridge, where it ar- 


rives. juſt as a new tide is raifed in the 


ocean; ſo that we have the higheſt tides 
up the river Thames, when the moon 
makes them leaſt out at ſea: for when 
| ſhe riſes above the horizon, our tides are 

leaſt, when in the open ocean Dor 
are greateſt. In ſhort, if this general 


theory be well underſtood, there are few E 


particular caſes that will not find an 


ealy ſolution. Thus, if it be demanded 
why the Caſpian, Mediterranean, and 


Baltic ſeas have ſcarce any tides, it. is 
eaſy to reply, becauſe they have no con- 
ſiderable communication with the ocean. 
The leſs extenſive the ſurface, the leſs 
will be the tides; their's is not the hun- 
dredth part of-the ocean, and their tides 
will be 1 in proportion. 


1 PO moon's A is ith ſtrong 
| upon the watery fluid that covers the 


face of our globe, it muſt have alſo 


a equal _ over the aerial fluid 


that 
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that ſurrounds it, and will HATTIE 
produce tides in the air. Many have 
thus accounted for the trade winds, 
that blow continually in the ſame 
direction with the ocean, from eaſt 
to weſt. But as the air is attracted 
only in proportion to its quantity of 
matter, and as that is but very ſmall 
in proportion to the ſpace it occupies, 
theſe acrial tides muſt be imperceptible 
to ſenſe, and they can produce no 4 
ration here below. 
” 3 — have not been con- 
tent with thus accounting for the tides 
upon earth, but they have given alſo 
a theory of the tides in the moon. If 
the moon, ſay they, can raiſe water 
ten feet upon earth, the earth will 
115 water an hundred and ten feet 
upon the moon; but as the moon has 
always the ſame face turned to the 
earth, its waters, ſay they, will ever 
remain at the ſame height, and there- 


fore all the. tides it perceives muſt 
| be 
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be occaſioned by the ſun. But no mat= 
ter for the tides in the moon; it is very 


well if they have ſatisfactorily explained 
the tides upon earth. © 


RT 
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 Hydrefttichs | 
N ons every phyſical a, 


1 wherever experiment can reach, the 
ſubject admits of illuſtration ; wherever 
that is denied, the reaſonings are but 
vain and conjectural. Thus we are ig- 
norant of the form of the parts of 
which water or any other fluid are 
compoſed, becauſe we can make no ex- 
periments which may reduce theſe ſub- 
jects into the primary particles of which 
they are compoſed. Thus, if we reduce 
water, by evaporation, to the ſmalleſt 
parts our ſenſes can diſtinguiſh, yet | 
if we examine any of theſe with a mi- 
croſcope, the little ſpherical drop will 
be found as fluid as the water in the 
veſſel from whence it aroſe; the minute 
drop hath its ſmaller parts, which give 
it fluidity; theſe parts can be feparated 
from each other, and thus made to eſcape 
- microſcopic obſervation ; but ſtill, where- 
: ever 
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105 we are i |ignarunt thitrefate- of the 
nature of tlieſe parts ſeparately, becauſe 
we cannot ſeparate them enough, we 
muſt be contented to enquire. irito thoſe 


appearances which ariſe from their 
combination. Like all other bodies, we 
know - they have weight, and therefore 
preſs downward by the force of | gravity. 


A glaſs filled with water, is heavier than 
an empty one; a ſponge. floats while 


dry, but ſinks when filled with water. 
We know alſo, that they yield to every 


preſſure, for each of theſe minute parts 
being capable of making only a very 
mall reſiſtance, the combination of 
minute reſiſtances will appear like one 


uniform reſiſtance; oppoſing, yet giving 


* to every impreſſion. 


1 this e and this 
reſiſtance of the parts of any fluid, but 
particularly of water, many very ſtriking 
Tok & 5} ©: As 5: ann 


ever water or its n are enen — are 
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aPPoArances. ariſe.: Their * force, 


in preſſing the bottom of a tall veſſel 


and a ſhallow, one; their ſupporting 


heavy bodies floating on their ſurface; 


their riſing in one pipe to the ſame 


height from whence they deſcended, 
and thus aſcending up the ſide of an hill, 


eontrary to their natural weight; theſe 


and ſexeral other phenomena Miract | 
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theory, which ſhews how much the parts 
of fluide/preſe-updn.the-Hottont and fides 


of veſſels, or upon bodies which are 


plunged in them, we muſt. be contented 


to begin with one property, verified by 


experience alone; we muſt ſtart from an 
obvious appearance in all -watery fluids, 
for which theory has been unable to 


account. The property of all waters 


is, that in a ſtate of reſt their ſurface is 


+ Now then let us ſuppoſe three tubes 


or. -vevels united, and to have a com- 


munication 


* 
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muhication with each other; (fig. 36.) 
we know that if water be poured into the 
perpendicular veſſel A, it will run into 


the horizontal veſſel C, and riſe in the 


other perpendicular veſſel B, to the ſame 
level at which! it ſtands! in the veſſel / wy 
non de ohio: Erpeninenk We 
Minds: that fluids preſs in all direc= 
tions, upwards, fideways, downward, 
and in ſhort, every way. For let us ſup- 
poſe that che tube B, were intirely taken 
away at 6, it is evident that the water 
in the horizontal tube C, would ſtill 
preſs againſt the part b, with as much 
force as it did before, whether the tube 
were there or not; and if the tube G 
were taken away, the water in A would 
preſs againſt the part a, with as much 
force as it did, whether 'C' were there 
or not; water therefore preſſes the ſides 
and bottom of the veſſel that contains it 
in all directions. Thus far experience | 
alone muſt be permitted to guide; and 
1 0 knew the figure of the parts of 


Aa 2 | water, 


"= {2006 1 „ 1 
water, we mi ight be able to tell how they 
come to be endued with this property; 
but as that is unknown to us, farther 
3 Huftrations would ny pra el the 
ee | | | 


=Y 
1 


\ Acain N, ſuppoſe er were + made to 
Pies only at half the height d, in the 
tube A, it would then only riſe; to half 
the height e, in the tube B. The preſ- 
ſure therefore upwards at b., would then 
be but half as powerful as in the former 
caſe, when the water roſe to B; of con- 
ſequence therefore, the preſſure at · 4 
would be but half of what it was before; 
and therefore the preſſure of the water 
in the veſſel A, upon its bottom, would 
be but half of what it was before. From 
hence we may in general conclude, that 
the preſſure which water at any depth 
ſuſtains will increaſe, as the height of 
the water above it increaſes. Thus, for' in- 
ſtance, if the veſlel be very high, the preſ- 
ſure at the bottom will be ſuch as would 
make water riſe to an equ al height in 

5. Hs e another 
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another veſſel, and conſequently i it Funn 
* great. 


| FROM. die laſt property we learn 
the cauſe why, if an hole opens in the 
| bottom of a ſhip at ſea, the water burſts / 
8 through it with much greater violence 
than if an hole were broke in the ſhip's 
ſide, near what the mariners call the 
water's edge. In the firſt caſe, the water 
being greatly preſſed by the weight of 
water over it having a free paſſage into 
the ſhip, preſſes in with a force, equal 
to the preſſure itſelf ſuſtains; on the 
other hand, the water in the latter caſe 
is not much preſſed by the fluid above, as 
the hole is near the ſurface, and it there- 
fore preſſes in with much leſs violence, 


ALL this is inconteſtible; but the 
hydroſtatic paradox we are now going 
to explain, will not be admitted fo 
readily, though undoubtedly true. It is 
this: The weight with which water preſſes 
N the bottom of any veſſel © which holds 
1 a 3 it, 


- 
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Is. will ho great in proportion to the « height 
of the water in the veſſel, and not ta the 
quantity of water it contains. Thus, for 
_ Inſtance, let there be two veſſels A and'B, 
both, with their bottoms equally broad, = 
Z and both equally high, but as we ſee of 
very different capacities; the bottom G 
of the ſmaller will be as much preſſed 
by the water, as the bottom C of the 
larger, though one of them may contain, 
but a few quarts, and the dan as many 
bogſhoadh, FRE 


W with firſt prove this from theory, 

Gr then ſhew it true by experiment, 
Let us ſuppoſe two tubes @ 4 inſerted; into 
the bottom of each veſſel, the-water will 
be preſſed into both with ſuch a force 
as will make it riſe to a level with the 
reſt of the water in both the veſſels; but 
as the water is at equal heights in both 
veſſels the preſſure up the tubes muſt 
he therefore equal. Now what is true 
of one tube, is equally true of a thous 
ſands if they could all be inſerted into 


the 


V, 


4 . Plibfeghy. 
glu bottom ; therefore, 1 
preſſure of the water in each veſſel upon 
3 Part of ne n 


I two veſleks of cava bottoms, Fen 
unequal capacities, as A and B, could 
have their bottoms fo contrived as to 
fall out upon a certain degree of preſ- 
fare; if, for inſtance, the bottoms were 
of braſs covered with leather, to make 
them water tight, and capable of Pp 
off when water was poured in to 
certain height; it would be . 
ſeen that the braſſes would fall when 
the water roſe to a ſimilar height, in 


eicher veſſel. 


Our of the 2 uſeful nicks to 
ſhew that a ſmall quantity of water is 
capable of great preffure, is the hydrofta» 
tic bellows. This machine (fig. 37.) con- 
fiſts of two thick oval boards, each abont 
ſixteen inches broad, and eighteen inches 
long, united to each other by leather, 
Aa 4 like 
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like a pair of common bellows; or 4 
barberꝰs puff. Into the lower board a pipe 


B, three feet high is fixed at e. Now, 


in ſhewing experiments with this ſimple 
machine, which even the reader himſelf 
might eaſily make, let water be poured 
into the pipe at its top c, which will 
run into the bellows, and ſeparate the 
boards a little ; then to ſhew how much 
a little water will be able to effect by 
preſſure, let three weights, each of an 
hundred pounds, be laid upon the upper 
board. No if we pour more water into 
the pipe, it will as before run into the 
| bellows, and raiſe up the board with all = 
the weights upon it. And though the 
water in the tube ſhould weigh in all 
but a quarter of a pound, yet the 
preſſure of this ſmall force upon the 
water below in the bellows, ſhall ſup- 
port the weights, which are three hun- 
red pounds; nor will they have weight 
enough to make them deſcend, and 
. conquer the weight of the water, by 
| Forcing 1 it out of the mouth of the pipe. 
IT 
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I.rx is inconceivable what force a ſmall 
quantity of water ſhall be made to exert, 


upon the bottom or ſides of a veſſel, 
when it ſtands in a high tube inſerted 
into the veſſel. A ſtrong hogſhead may 


by this means be ſplit, and I have ſeen 


the experiment performed. Into the 
bunghole was inſerted a ſtrong, though 
ſmall tube made of tin, and twenty feet 
high; when water was poured in through 
this, it filled the hogſhead, and when 
it roſe within about a foot of the top of 


the tube, the hogſhead burſt, and the 5 


water ſcattered about with incredible 
force. 5 
Fon hence we may ſee, that fluids 
will always riſe to the ſame heights in 
Pipes, from whence they deſcend, Thus, 
if there be a ſpring upon the brow of 
one. mountain, and ſhould it be required 
to conduct its waters acroſs the valley, 
up the fide of an oppoſite mountain; 
nothing more is neceſſary than to lay 
pipes of lead or hollowed timber along 


the 
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W furface of the g ground, ag from 
| 2 the rein a riſing dhe 
ether; this will conduct the waters. to 
any heights, which do not exceed the 
height of the fpring from whence they 
dre originally drawn. And the reafon 
is obvious; all water will rife to its own 
level: we have ſeen it riſe ta the level, in 
the three ſmall tubes ABC, and it would 
riſe to the ſame, were: theſe tubes each 
a mille in length, and equally high. But 
though in theory, water may be thus 
made to deſcend from the higheſt moun- 
tains, down the deepeſt vallies, and thus 
rife again on an oppoſite mountain's ſide, 
yet in practice this can fearcely be per- 
formed from any very great heights, be- 
cauſe the preſſure of the water is ſo very 
valley, that no pipes can be contrived 
ſtrong enough to endure it. We have 
feen how the preſſure of twenty feet of 
water would burſt a common hogſhead : 
now if we — fuppoſe the mountain 
four 


much difficulty to make any pipe ſtrong 
enough to reſiſt the water's weight at 
ſuch an height. Pipes hollowed through 


rocks of marble, would in a ſhort time 


burſt, like thoſe whoſe ſides were of 


paper. For this, reaſon, when the height 


is more than an hundred feet, engineers, 
inſtead of pipes, are obliged to raiſe aque- 


ducts; theſe raiſing the water more ta 


a level, the force againſt the fides. of the 
tube is leſſened, and it riſes to the mode+ 
rate height from whence it fell, without 
any injury to the pipe that conducts it, 


It is generally ſuppoſed, that this con- 


trivance of carrying water down through 
vallies, and up againſt hills by pipes, 
was unknown among the ancients; 
but this is not the caſe, as could 


eaſily be ſhewn : they uſed aqueducts in 


their ſtead, becauſe leſs ſubject to want 


repair, and 3 water in greater 


ande 


Bron I quit this chapter, one thing 
more may be mentioned relative to the 
ſurface 
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four hundred feet bigh, we ſhould find 


1 11 


4 
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furfuce of: waters. It was faid that they 
were always level when at reſt, but 
ſtrictly ſpeaking that is not the caſe: the 
earth is round, as we well know, and a 
great ſurface of waters therefore muſt be 
of the ſame ſhape, ſo that inſtead of 
being a large plane, they will partake, 
in ſome meaſure, of the earth's con- 
vekity. This convexity of the ſurface of 
waters, though ſearcely diſcernable in 
minute bodies of water, is diſtinguiſhable 
enough at fea. , Let us ſuppoſe the ſpec- 
tator cd" Tore, and a ſhip out at ſea, 
(ig. 38.) the firſt part of the ſhip that 
will appear to the ſpectator's eye, will 
be the top maſts, for the intervening 
convexity of the ſea will prevent his 
| ſeeing the lower part; juſt as if two 
men approached each other on oppoſite 
ſides of an hill, their heads would be 
the firſt part that would be ſeen by each 
other, forthe convexity of the hill would 
intercept the reſt: as they would ap- 
proach however they would ſee more, 

until _ both ſtood 9 3 8 80 
the 
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the top. Juſt ſo it is with a ſpectator and 
a ſhip at ſea: in every nine miles diſtance, 
there is about ſix feet of the earth's ſwell | 
between us and any object; fo that a 
man that ſtood in a boat at that diſtance 
at ſea; would be totally unſeen, though 
we took the beſt teleſcope to obſerve him 
withal. We cannot ſuppoſe however 
that this convexity, which is only viſible 
at ſuch diſtances,” can be ſeen upon the 
boſom of a ſmall lake or ſheet of water; 
on the contrary, this may be regarded 
as perfectly plane, and all experiments 
are n upon chat e 
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oY the Specific Gravity of Bodies. 
"THEN an unſpongy or folid 
'F Y body ſinks in a veſſel of water, 
it removes a body of water equal to its 
on bulk, out of the place to which it 
_ deſcends. If, for inſtance, a copper ball 
is tet drop into a glaſs of water, we well 
know that if it finks, it will take up as 
much room ptr get —_— 
OR ORR tp. patty. 14 2; 


Aur: us . fi a ——— that 
this watery globe removed by the ball 
were frozen into a ſolid ſubſtance, and 
weighed in a ſcale againſt the copper 
ball; now the copper ball being more 
in weight than the globe, it is evident 
that it will fink its own ſcale, and drive 
up the oppoſite, as all heavier bodies do 
when weighed againſt lighter; if, on 
the contrary, the copper ball be lighter 


than the water globe, the ball will riſe, 
Once 
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Once more then let us Auppoſe the dop- 
per ball going 0 be immerſed in watery 
and that in order to deſcend, it muſt 
diſplace a globe of water equal to itfelf 
in bulk. If the. copper ball be heavier 
than the globe; its preſſure will overcome 
che other's. refiſtance, and it will ſink 
to the bottom ; but if the 'watery globe 
be henvier, its preſſure apwards will be 
greater than that of the ball downward, 
and the ball will riſe or ſwim. In a 
word, in proportion as the ball is heavier 
than the ſimilar bulk of water, it will 
deſcend with greater force; in proportion 
as it is lighter, it will be raiſed more to 
the ſurface. 1 : 


FROM all this: we may deduce one 
general rule, which will meaſure the 
force with which any ſolid body tends 
to ſwim or ſink in water; namely, every 
body ammerſed in water, toſes juft as much 
of its weight as equals the weight of an 
equal bulk of water. Thus, for inſtance, 
it the * be two ounces, and an equal 
1 = bulk 
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bulk 4 water be one ounce, the 1 
when plunged will ſink towards the 
bottom of the water with a weight of 


one ounce. If, on the contrary, the ſolid 
body be but one ounce, and the weight 
of an equal bulk of water be two ounces, 
the ſolid when plunged will remove but 
one ounce, that is, half as much water 
as is equal to its own bulk, ſo that con- 
ſequently it cannot deſcend; for to do 
that, it muſt remove a quantity of water 
equal to its own bulk. Again, if the ſolid 
be two ounces, and the equal bulk of 
water two ounces, the ſolid, wherever it is 
plunged, : will neither riſe nor ſink, but 
remain ſuſpended at any depth. 


1. 

2 
N 
. . 5 & 


Tus we -ſee: the reaſon why ſome 
bodies ſwim in water, and others ſink. 
Bodies of large bulk and little weight, 
like cork or feathers, muſt neceſſarily 
ſwim, becauſe an equal bulk of water 
is heavier than they; bodies of little bulk 
but great weight, like lead or gold, muſt 
link, becauſe they are heavier than an 


equal 
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equal bulk of water. The bulk and the 
weight of any body conſidered together, 
is called its ſpecific gravity, and the | 
proportion of both in any body, is eaſily 
found by water. A body of little bulk 
and great weight, readily ſinks i in water, 
and it is {aid to have great ſpecific gra- 
vity; a body of great bulk and little 
weight, loſes almoſt all its weight in wa- 


ter, and therefore i 18 faid to have but little 
ſpecific gravity. A woolpack has actu- 
ally greater real gravity, or weighs more 
in air than a cannon ball ; but for all that, 
| a cannon ball may have more ſpecific 
gravity, and weigh more than the wool- 
-pack in water. Denſity is a general term 
that means the ſame thing; ſpecific gravi- 
ty is only a relative term, uſed when ſolids 
are * in — or fluids in fluids. 


Bur before v we 1 in this theory, 
it may not be amiſs to get over an 
objection that will naturally ariſe. It 
may be ſaid, that as in the deſcent of 
heavy bodies in fluids, the deeper they 

deſcend, the more they muſt be reſiſted; 
Mot K - Bd — 


3%/ſn A Sun 
how comes it that by the time they get 
towards the bottom, they are not totally 
ſtopt from deſcending, and driven by the 
- increaſed reſiſtance upward ? The anſwer 

is eaſy; the lower ſurface of the deſcend- 
ing body is preſt with encreaſed reſiſtance 
upwards, it is true; but at the ſame time 
the upper ſurface is preſſed with increaſed 
reſiſtance downward. Thefe two in- 
creaſed and oppolite forces balance each 
other, and make no difference . the 
| deſcent, 


Ix 3 a method were eontrived, 
while the cheavy body was deſcending, 
to take away the preſſure from: Above, 
and leave that below all its increaſing 
force, then indeed. the increaſed preſſure 
from below, would actually prevail over 
the body” 8 ſuperior weight, and drive it 
upward; ſo that by this means, lead or 
gold itſelf might be made to ſwim 
apon water. The experiment has been 
eondutted in the following manner. A 
glaſs tube CD, (fig. 39.) open at both 
—_— was fitted WO Aa leaden Boro: 
| half 
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half an inch thick, which was held cloſe 
- to the tube by pulling a ſtring fixed in 

its middle, up through the tube, as ſo 
the bottom could not thus fall off. In 
this manner the tube was immerſed in 
water, in the glaſs veſſel AB, to the 
depth of three inches only below the 
ſurface of the water at K, by which 
means the leaden bottom was plunged 
ſomewhat more than to eleven times its 


= own thickneſs. At that depth the bottom; 


which had no preſſure of water above it; 
and liad a ſtrong preflure below, would 
not ſitik not fall from the tube, but 
actually ſwam at that depth upon the 
water. If however, a preſſure above were 
made, by pouring a little water into the 
tube, then the lead would fink with its 


uſual velocity, 


in the fare manner as ari heavy body 
was made to ſwim on water, by taking 
away the upward preſſure, ſo may a light 
body like wood, be made to remain ſunk 
at the bottom, by - depriving it of all 
B b 2 preſſure 5 
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preſſure from below; for if two gun 
pieces of wood be planed, ſurface to 
ſurface, ſo that no water can get between 
them, and chen one of them be cemented 
to the inſide of the veſſel's bottom, then 
the other being placed upon this, and 
while the veſſel is filling, being kept down 
by a ſtick, when the ſtick is removed and 
the veſſel full, the upper piece of wood 
will not riſe from the lower one, but 
continue ſunk under water, though it 
3s actually much lighter than water; for 
as there is no reſiſtance to its under 
ſurface to drive it upward, while its 
upper ſurface is ſtrongly preſſed down, 
it muſt neceſſarily remain at the 


bottom. The following method of 


making an extremely heavy body float 
upon water, is more elegant than the 
former. Take a long glaſs tube, open 
at both ends, ſtopping the lower end 
with a finger, pour in ſome quickſilver 
at the other end, ſo as to take up about 
half an inch in the tube below. Immerſe 
this tube, with the finger ſtill at the 
| bottom, 
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tube is about ſeven inches below the 
ſurface, take away the finger from it, 
and then you will ſee the quickſilver not 
fink into the veſſel, but remain ſuſpended 
upon the tube, and floating, if I may 
ſo expreſs it, u upon the water in the glaſs 
_ | | | 


POO 


As every folid FO more. a in 
water, in proportion as its ſpecific gravity 


is great, or as it contains greater weight 


under a ſmaller. bulk, it will follow, that 


the ſame body may very often have 


different | ſpecific gravities, and that it 
will fink 
another. Thus a man, when he happens 
to fall alive into the water, ſinks to the 


| bottom ; for the ſpecific gravity of his 
body, is then greater than that of water: 
but if by being drowned he lies at the 


bottom for ſome days, his body ſwells 


by putrefaction, which diſunites its 


| n 3 thus its ſpecific gravity becomes 
B b 3 leſs 


| battom, in a deep glaſs veſſel filled with 
water; and when the lower end of the 


at one time, and ſwim at 


— r 
. — nk 
— —ꝝ-—:᷑ — — 

———_ 


* 
7 K* E 
5 * 
T n — — — PR. od ph S 9 Povg a> _ rr r — — — 8 — — —_— — - — —— — | _— b 2 2 2 — 8 — - — 
— —— 22 — — - — x — 
— In—ngggy ann. - — — et oe — — — — — — — — — 7 — — - . — > Wu — : . - = 
> EI ee EA. > ens —— - —— 5 EEE, —-— — — — — . . ——— ———— fl — —— EE — — — — ——— — —ę— . — — I = == » 
== — EY — — — — „„ ͤ v TTT — — — - — : 5 —.— = — — on. — — = ——ͤ —— 
— — — — — —— — < = = — — ̃ —ꝶꝛi!:e... .,.. . 8——— — r — 1 — : — —— : — — — — — LD ol IR SSIS — . — — — 5 = _ >= —_ 
— —— D2—œ— 2 — 5 cs — — - 7 * = — === —— — = - — — — — — — Pry = — — — mgm — —_—_ = * _ 23 = 
: - K —— — 
- þ 2 8 2 T <> drm. 2 


— . 2 -— 
— 
CEE 
en nn tn ne 
. — ION 
— 


— — — TI 
—̃ — 
— 


* 
— 
9 peg wy 
——— — 
— —— . — 
— — I DV. — — 
. — —— — — 


— 82 
———— 
— ne — 
hy —— ——— — 
> : = 


—ñ —— 
. —— = 


„en * a of x watery , end hs "hn 
port the! N 


Abnk plea pretty | childiſh W : 
by which the ſpecific gravity of the body 
is ſo altered, that it riſes and ſinks in 
water at our pleaſure. Let little images 
6F men, about an inch high, of coloured 
glaſs, he beſpoke at a glaſs-houſe, and 
let them be made ſo as to be hollow 
within, but ſo as to have a ſmall opening 
into this hollow, either at the ſole of 
the foot or elſewhere. Let them be ſet 
afloat in a clear glaſs! phial of water; 
filled within about an inch of the mouth 
of the bottle; then let the bottle have 
its mouth cloſed with a bladder, eloſely 
tied round its neck, ſo as to let no air 
eſcape one way or the other. The images 
| themſelves are nearly of the ſame ſpecific 
gravity with water, or rather a little 
more light, and eonſequently float near 
the ſurface; Now when we preſs down 
the bladder, tied on at the top, into the 
ty of the Ds -andithus preſs: the 


| air 
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air upon the ſurface of the water in the 
bottle; the water being preſſed will force 
Into the hollow of the image through 
the little opening; thus the air within 
the image will be preſſed more cloſely 
together, and being alfo more filled with 
water now. _— before, the image will 


ans Jeſeend to the bottom; ; but upon 
taking off the preſſure from above, the 
air within them will again drive out the 
water, and they will riſe to the ſame 
heights as before. H the cavities in ſome 
of the images be greater than thoſe 
in others, they will riſe and fall 
differently, which makes the . 
more amuſing. fairy | 


5 Tas 1 but an experiment of mere 
amuſement; much more important uſes 
are the reſult of our being able exactly 
to determine the ſpecific gravities of 
bodies. We can, by weighing metals in 
water, diſcover their adulterations or 
mixtures, with "JR exactneſs than by 


// 


means nnn coin, "ii my 
be offered us as gold, will be very 
eaſily diſtinguiſhed, and known to be 
à baſer metal. For inſtance, if 1 am 
offered a braſs counter for a/guinea, 
and I ſuſpect it; ſuppole, to clear my 
ſuſpicions, - I weigh it i in the uſual manner 
againſt a real guinea in the oppoſite 
ſcale, and it is of the exact weight, yet 
ſtill I ſuſpect it; What is to be done? 
"Fo melt or deſtroy che figure of the coin 


a much better and more accurate method 
remains: I have only to weigh a real 
guinea in water, and I ſhall thus find that 
it loſes but a nineteenth part of its 
weight in the balance; I then weigh the 
braſs counter in water, and I actually 
find it loſes an eighth part of its weight, 
by being weighed in this manner. This 
at once convinces me that the coin is 
made of a baſe metal, and not gold; for 
as gold is the heavieſt of all metals, it 
will loſe leſs of its weight hy being 
9 in water than * other. 

Tunis 
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Tuts method Achimedes firſt made 
gs of, to detect a fraud with regard to 
the crown of Hiero, king of Syracuſe. 
Hiero had employed a goldſmith to make 
him a crown, and furniſhed him with a 
certain Weight of gold for that purpoſe ; 
. the crown was made, the weight was the 
ſame as before, but ſtill the king ſuſ- 
pected that there was an adulteration in 
the metal. Archimedes was applied to, 
who, as the ſtory goes, was at firſt 
unable to detect the impoſition, but the 
reſiſtance he found from the water, in 
going into a bath, gave him the hint 
of weighing the crown hydroſtati- 
cally. A maſs of pure gold was pro- 
cured, which weighed equal with the 
crown in air; but when both were 
wel ghed in water, the erown proved 
much the lighter of the two, a poſitive 
proof that the metal, of which it was 
compoſed, was not ſo n as pure 


gold. 


aca this difference in the weight of 5 
bodies i in open air and water, the hydro- 
| ſtatic 


5 
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ſtatie balance has 'Been formed, which 
differs very little from a common ba- 
lance, but that it hath an —_ at the 
bottom of one ſeale, the 
weight I want to try gs becken oy 
an'horſe hair, and thus ſuſp Z 
water, without wetting - the- ſoale dem 
whence! it hangs. Firſt, the weight of the 
body I want to try, is balanced againſt 

the parcel or weight E, in open air; 

(fig. 40.) then the body is ſuſpended by | 
the hook and horſe hair at the bottom 
of the ſcale, ig water, which we well 
know will make it lighter, and deſtroy 
the balance. We then can know how 
much lighter it will be, by the quan- 
tity of the weights we take from the 
ſcale E, to make it equipoiſe; and of 
conſequence, we thus preciſely can find 
out its ſpecific gravity compared to 
water. There are ſeveral different ways 
in which the hydroſtatic balance is con- 
ſtructed; if the ſcales be very nice, it 
matters little as to the . 


9 
24 5 
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* Tuts is che niet exact and infallible 


method of knowing the genuineneſs of 
metals, and the different mixtures with 
which they may be adulterated, and it 
will anfwer for all ſuch bodies as can be 
ed in water. As for thoſe things 
that cannot be thus weighed, ſuch as 
WM quickſilver, fmall ſparks of diamond, 
and ſuch like, as they cannot be ſuſ- 
pended by an horſe-hair, they muſt be 
put into a glaſs bucket, the weight of 
which is already known; this, with the 
quickſilver, muſt be balanced by weights 
in the oppoſite ſcale as before, then im- 
merſed, and the quantity of weights to 
be taken from the oppoſite ſcale, will 
ſhew the ſpecific gravity of the bucket 
and the quickſilver together; the ſpe- 
cific gravity of the bucket is already 
known, and of ' conſequence the ſpecific 
gravity of the quickſilver, or any other 
ſimilar ſubſtance, will be what remains.” 


As we can thus diſcover che weise 
f of different e Me plunging 


them 
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them in the ſame fluid, ſo we can diſ- 
cover the ſpecific gravity of different 
fluids, by plunging the ſame ſolid body 
into them; for in proportion as the fluid 
is light, ſa much wilt it diminiſh the 
weight of the body weighed in it. Thus 
we may know that ſpirit of wine hag 

leſs ſpecific gravity than water, becauſe 
4 ſolid that will ſwim in water, will ſink 
in ſpirit; on the-contrary, we may know. 
that ſpirit of nitre has greater ſpecific 
gravity than water, berauſe a ſolid that 
will ſink in water, will ſwim upon the 
ſpirit of nitre... Upon this principle is 
made that ſimple inſtrument, called. an 
Hydrometer, which ſerves to meaſure: the 
lightneſs. or: weight of. different Auids, 
It is nothing more than an 5 
copper ball, with a ſhort ſtalk or ſtem 
fitted into, or if I may fo. expreſs it, 
growing out of the ball; this ball is {a 
made, as partly to ſink but not entirely 
in water, and ſo poiſed that the ſtem 
ſhall always ſtand upright: the lower it 


con- 


Roſs. the er the Aud; and on tha 
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contrary, the higher 1 it ſims, tlie more 
| heavy the fluid thus ſupporting it. How 
much it ſinks or ſwims may be very 


exactly known by the Ralk, which is 
graduated or marked; and this inſtrument. 


is often uſed by thoſe, whoſe buſineſs 
is to examine the different denſities of 
liquers, ſuch as drunkards, inn-keepers, 
CORO and exciſemen. e 


ITI 1a rung, 1 fly, with ferve to 


N the ſpecific gravities of different 
liquors, for 'it' is found by experience, 
that liquors weigh very differently from 
each other; an experiment or two to 
ſhew this will ſuffice. Suppoſe we take 
a glaſs veſſel which is divided into two 
parts, communicating with each other 
by a ſmall opening of a line and an half 
diameter. Let the lower part be filled up 
to the diviſion with red wine, then let 
the upper part be filled with water. As 
the red wine is lighter than water, we 


ſhall fee it in a ſhort time riſing like a 


ſmall akon up through the water, and 
diffuſing 
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| diffaſi ing itſelf upon the ſurface, till at 
length we ſhall find the wine and water 
have changed their places; the water 
will be ſeen in the lower half, and the 
wine in the er half . the will, 


15 the. Ls manner we may our 
four different liquors, of different 

5 — into any glaſs veſſel, and they 
ſhall all ſtand ſeparate and unmixed with 
each other. Thus, I take mercury, oil 
of tartar, ſpirit of wine, and ſpirit of 
turpentine, ſhake 'them together in a 
glaſs, let them ſettle a few minutes, and 
each ſhall ſtand in its proper place, mer- 
cury at the bottom, oil of tartar next, 
ſpirit of wine, and then fpirit of tur- 
pentine above all. Thus we ſee liquors 
are of very different denſities, and this 
difference it is that the hydrometer is 
adapted to compare. In general, all 
vinous | ſpirits. are. lighter than water, | 

and the leſs they contain of water, the 
- more light they are, The hydrometer 

therefore will inform us how far they 
4 | are t 


5 
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are genuine, by ſhewing us their light- 
neſs; for in pure ſpirit of wine it ſinks 


lefs than in. that which is mixed with 
a ſmall quantity 1 water. 

+}. 42x 12 aan: LOTS 

7 7 ev: nfter al, we are ot entirely to 
depend „ and with geometrical certainty 


rely upon either the hydrometer or the 


hydroſtatic balance, for there are ſome 
natural inconveniences that diſturb the 
exactneſs, with which they diſcover the 
ſpecific- gravities of different bodies. 


Thus, if the weather be hotter at one 


time than another, all fluids will ſwell, 


and- conſequently. they will be lighter 


than when the weather is cold; the air 
itſelf is at one time heavier than at 
another, and will buoy up bodies weighed 
in it; they will therefore appear lighter, 
and will of conſequence feem heavier in 
water. In ſhort, there are many cauſes 


that would prevent us from making 


tables of the ſpecific gravities of bodies, 
if rigorous exactneſs were only expected, 


for the individuals of every Kind of 
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Mach tables therefore, all that ĩs expected 
i to come as near the Me as 
we can, and from an inſpection into 
ſeveral, we may make. an average near 
the truth. Thus, MMuſchenbrook's table 
makes the ſpecific gravity of rain water, 
to be: nearly eighteen times and an half 
leis than that of a guinea; whereas our 
Enxgiſſ tables make it to be but ſeven- 
teen times and an half nearly leſs than 
the ſame.” But though there may be 
ſome minute variation in all our tables, 
yet they in general may ſerve to e 
us 2 h te fa): 


Ih general, it may be 1 1 
L the pureſt gold is the heavieſt of all 
other ſubſtances whatſoever, being nearly 
nineteen times and an half heavier than 
water; next to gold, is a ſemi-metal 
of late diſcovered, called Platina; this, 
if I remember right, is ſixteen times one 
| third heavier: than water; : mercury is 
2 as —4 
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nent in weight, and is a littla more chan 
fourteen times hea vier than water; lead, 
eleven and about ® quarter] fin ſilver, 
about eleven only; copper, is eight aud 
three parts; ſteel, -ſeven and three parts; 
and thus of the reſt; diamand is about 
three times and an half heavier than 
water; glaſs, about three and a quarter 
reQified ſpirit of wine, is about one 

third lighter than water, and n is: - 
more than Four times as e 1 


Maw then, FLY a ip to 1 « 
mixture of gold and ſilver, and it is 
deſired to know the quantities it contains 
balance, the ſpecific. gravity of the 
compound. We know that its ſpeeific 

gravity is leſs than that*of- gold, but 
| more than that of ſilver; let us ſubtract 


then the known ſpecife ereviey.of 1 ſilver; 


. which: we ſaid was eleven, from the 


ſpecific gravity of the compound, and 
let us ſubtract the compound itſelf 
from that of gold, which is nineteen; 
Vol, I. c c the 


8 A 8 16 * r r 
the firſt remainder Thews the b 


k of the 


gold in the compound, the other that of 
ow the bulk of 


the ſilver: and as we kn 


each, and the ſpecific gravities of each, we 
may eaſily know their real weights or 


gravity, by multiplying the bulks nag thi 
"NR ere nne 


wy . 
095 HS STE 200757 a, 
7 * 


ib er prend bills, f ſuch olive oil, 
rape oil, and the like, which are preſſed 
out of kernels or ſeeds by means of heat, | 
theſe: and all fatty ſuety ſubſtances, are 


about a tenth part lighter than water, 
and therefore ſwim” e its furface. 
From hence it is eaſy to conceive the 


reaſon, Why animals that are fat ſwim 


hetter than thoſe that are lean, ſince the 


former contains a quantity of oil within 


their ſurface, which is ſpecifically lighter 
than water, and 7 conſequently l keeps 


them | buoyant.” © Thus the country 
People aſſure us, that a fat hog ſwims 
better than any other animal; and _ 


move 1 _— their e 
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Or aff animals thrown irlto"Watdr 


tan is the moſt helpleſs, The brit rea 


tion receive the art of fwimming *froiti 


nature, while man can -acquire it only 
by practice; the one eſcapes without 
danger, the other ſinks to the bottom. 
Some have aſſerted, that this ariſes from 
the different ſenſibilities each hade of 
danger: + the brute, unapprehenſive f 
| danger, Aid unterrified at its ſituation; 
ſtruggles through, while is" very fears 
ſink the lord of the creation. But muck 
better reaſons may be aſſigned for this 


impotency of man in water, when com- 


pared to other animals; and one is, that 


he has actually more ſpecific- gravity, or 
rontains more matter within the ſame 


ſurface, / than any other ahimal what 


ſoever. The trunk of the body im otliet 
animals is large, and their extremities 


proportionably ſmall; in man it is the 


reverſe, his extremities are very large, 
in proportion to his trunk: the ſpecifie 
weight of the extremities is proportion 
ably en than that of the trunk in 


e 2 all 
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res ebe in water, fince | 

5 ii extremities are largeſt. Add to this, 
that in order. to ſwim, other animals 
have, only to walk forward, if I may 
| ſo. expreſs; it, upon the water; the 
mation they give their limbs in ſwim- 
ming, in exaQly the fame with that they 
uſe upon land: but it is different, with 
man, who. makes ule of | thoſe. limbs 

to. 2 his motion upon water, which, 
upon * he ne to r 1 


* we « od chlerved, OP = 
liquors of different denſities. Are bor bo- 
es in eden: to cheir Abt 5. 


aw weight it it can | ſupport; ; it is not to 


bg; wondered at, that i in ſwimming, we 
Gould find ourſelves much better buoyed 


up and ſupported in ſea-water than in 
freſh. | For ſea-water is actually heavier, N 
and this from the ſalts mixed with it 
which increaſe its weight about a fiftieth 
part. | 


s OE tf: 
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Int order to facilitate our power of 
remaining on the ſurface of water, or of 
breathing when at the bottom; different 
methods have been contrived. As to the 
firft, the cork waiſteoat anſwers the pur- 
poſe tolerably well; for the latter, the di- 
ving bell is a well known ſecurity. Doctor 
Halley, in a diving bell of his own con- 
trivanoe, remained fifty two feet deep 
at the bottom of the 75 n 5 
of an n ang an half. : 


| Tur ing bell is an infiretmeis 
long known and in uſe. - That made by 
Doctor Halley, was in the form of a 
great bell, and was coated with lead, ſo 
as to make it fink in water : (fig. 414 
it was three feet wide at top, five feet 
wide at bottom, and eight feet high. 
Into this great bell the diver entered, 
and fate upon a fmall ſeat within-fide, 
prepared for that. purpoſe, and received 
light from a ſtrong glaſs at top. Thus 
prepared, by - means of a rope, the bell, 
the man and all was let down to the 
- "WER bottom, 
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bottom, in onder to ſearch for * or 
6 nds de . e ee and gh 


nn * bell i is — Fey into the 
ſea, che water riſes into it to a certain 
height, but it cannot fill the whole of 
the bell, for the air within it (as we 
| ſhall ſee hereafter) will ſtill keep ſome 
room at top, and prevent, the water's 
riſing and filling it any farther, It is 
in this topmoſt part, which is empty 
or only filled with air, that the diver 
keeps his head, and breathes that air 
which thus reſiſts the aſcending water; 
here he can remain for ſome time, 
living upon the condenſed air, and at 
the ſame time Performing, jog, he 
e e, 5 "hes" nde 


"1 


””. 


. to a mare. ; parſjeular i in the 
deſcription. of Doctor , Halley's bell. In 
the top was fixed,. as, mentioned above, 
a oog clear a to. et in the light 
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let out the hot air, that had been polluted . 
by repeated inſpiration below. It was 


| ſuſpended from the maſt of a ſhip, and 
ſo. hoiſted over the, ſhip's ſide as to be 


let down without danger. In this, two 
or more divers were let down to the 
bottom, and two barrels of air were let 
down to them, to ſupply them with 
freſh air, which alternately roſe. and fell 


| like two buckets. As the air from the 
. barrels was let into the ſpace in the bell 


free from water, it entered cold, and ex- 


pelled the hot air which had been ſpoiled, 


out through the cock at the top. By 
- this method air was communicated in _ 
ſuch plenty, that the Doctor informs 


us, that he was one of five who were 


together at the bottom in ten. fathom - 
of water, for above an hour and an half 
at a time, without any ſort of ill con- 


ſequence; and he might have continued 


there as long as he pleaſed, for any thing 


that appeared to the contrary. By the 


glaſs at the top of the bell, ſo much 


licht Was tranſmitted when the ſun 


Cc 4 ſmone, 
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one; 3 ſea undiſturbed, that he 
could: ſee perfectly well to read and | 
| write or to find any thing that lay at 
tte Bottom; but in dark” weather, and 

when the ſea was reugh, he found it 
as dark as Hight at che bottom, But then 
this ineonvehience .might be remedied, 
by, keeping a candle burning in the bell 
as long. as he pleaſed; for he found by 
experience, that a candle _ polluted the 
air by burning, juſt as a man would 
by reſpiring, both requiring about the 


funde quantity of freſh air for their 


ſupport, to the amount of r a 
1 in a minute. 


Tus Wala was ſo far improved, 
ai one of the divers might be detached 
to the diſtance of eighty or an hundred 


yards, by a cloſe cap being put upon 
his head, with a glaſs in. the fore part 


for him to ſee through, and | a pipe to 
ſupply him with air, communieating 
with the great bell; this pipe was 
| _ Tolle round his arm, and | 
25 ſerved 


— 


* 
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was, that upon their firſt deſcending, 
his companions and. he found a ſmall 


pain in their ears, as if the end of 
a quill were thruſt forcibly through into 
the aperture of the ear. One of the 


divers howeyer, willing to remedy this 


| inconveniences ſtuffed his ears with 
chewed paper, which, as the bell de- 
ſcended, was fo forcibly preſſed into 

the cavities of the organ, that the ſur- 


geon could not extract the ſtuffing with- 


_ out yo difficulty. 


._ ried: wald, a Susdhe © engineer, has 
made ſome improvements on this ma- 
chine, ſince Halley*s time. That contrived 
by him is leſs than Halley's, and con- 
ſequently more eaſily managed; it is 
illuminated with three convex glaſſes 
: Inſtead of one. It has been found, that 

e nearer the diver's head is to the 
ſurface of the water in "the bell, the 


better 


ſerved him as a clue to find his way. 
back to the bell again. The only in- 
convenience that Halle) complained of 
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better he breathes, for. the air at that 
place is moſt comfortable and cool. 
In Triedwald's bell, the diver's head is 
therefore nearer the water, and when 
there i is a neoeſſity for his lifting, up his : 
| head to the top of the bell, he has a 
flexible pipe in his mouth, with which 
he breathes only the air at the ſurface 
of the water at the bottom of the bell. 
Wen are Py of a _ ain uſeful 
method than either of the former, put 
in practice by a gentleman of Devenſhire. 
He has contrived a large caſe of ſtrong 
leather, perfectly water proof, which 


may hold about half an hogſhead of air, 


This is ſo contrived, that when he ſhuts 
himſelf. up in this caſe, he may walk at 
the bottom of the ſea, and go into any 
part of a wrecked veſſel, and deliver 
out the goods. This method, we are told, 
he has practiſed for many years, ani HAS : 


_ thus n a large fortune. 


In this manner we find, that no o part 
of nature is wholly ſecluded from human 
_ viſt 
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viſitation, ſince thus means — been 
contrived, to deſcend without danger to 
the bottom of the ocean, and to explore | 
that abyſs which ſeems, at firſt view, to 
xetire from curioſity. Without the con- 
trivance above mentioned, men, when 
at ſuch vaſt depths below the ſurface of 
the water, would feel the effects of its 
weight ina yery ſenſible manner. Divers 
| who goto the bottom without this ma- 


| chinery, often return with ſigns of the 


violent preſſure of the water upon the 


ſurface of their bodies; their eyes are 


ſeen ſwolen and blood-ſhot, they often 
bleed. at the mouth and noſe, and feel 
a total laſſitude over their. whole bodies. 
Theſe ſymptoms are moſt violent, in 
ſuch as firſt undertake this kind of em- 
ployment ; ; but they leſſen by degrees, 
ſo that an accuſtomed diver feels no great 


_ inconvenience, by remaining ſome Mi 


nutes at the bottom: thoſe of this pro- 
feſſion, are only remarkable for the 


redneſs of the white of their eyes. 


BEFORE 


3 
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Brronz 1 quit this ſubject, it may 
not be improper to mention a benefit that 
may acerue, from plunging or bathing 
in ſea water, not yet chat 1 know taken 
notice of by others. Many arts have 
been tried to make ſea water freſh and 
Potable; the benefit of which would be, 
that in long voyages, when a ſhip' 8 
company wanted freſh water, they 
might make uſe of ſea water as a very 
eaſy ſubſtitute, by freſhening it according 
to art. The beſt method of freſhening : 
ſalt water is, by mixing it with calcined 
bones, and then diſtilling it; for it is 
found chat the calcined hes will lay 
hold on the ſaline parts of the water, 
unite with them, and keep them at the 
bottom of the ſtill; while on the other 
hand, the freſh fluid will riſe in vapours 
to the top, and thus ſeparate from the 
1 impure mixture below. There is but 
one objection that I know of, to theſe 
calcined bones and this ill, and'that is, 
that they take up almoſt as much room : 
in the N as ſo much freſh water as 
they 
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they could make would do. If Fr | 
Captain of a veſſel therefore, is appre- 
henſive that they may want water in 
his voyage, inſtead of ſo many hundred 
weight of calcined bones, he may take ſo 
many ſupernumerary hogſheads of freſh 
water, and that will do as well. Com- 
mon water will be almoſt as conveniently 
carried, much more wholeſome, and in- 
| Kaitely cheaper; for this reaſon we never 
ſee captains of ſhips carry out calcined 
bones to ſea; for if danger is foreſeen, 
they ſupply themſelves with ſuperfluous 
ſtores of water. In unexpected calami- 
ties, perhaps the following method 
would for ſome time preſerve life without 
lb water. 

Ir we are a upon going into 
a warm bath, we ſhall find upon our 
returning out of it, that we have 
gained conſiderably from the fluid in 
which we have been plunged, being 
often increaſed in weight ſome pounds ; 
the reaſon is, that there are numerous 

X „ veſſels 
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veſſels opting! at the pores of the ſkin, 
that ſuck up the water like ſo many ca- 
pillary tubes, and theſe veſſels run from 
every part of the ſurface of the body 
into the inteſtines, and diſcharge them- 
ſelves chere. Theſe very fine ſlender 
veſſels are a modern diſcovery, and ſtill 
conteſted by different anatomiſts, each 
claiming the firſt obſervation of them 
to himſelf. We find alſo by experience, 
that- though we be never ſo thirſty 
upon entering a warm bath, the bath 
inſtantly relieves that complaint, and 
ve feel drought no more. What then, 
f in caſes of extremity at ſea, a warm 
bath of ſea water were made, in which 
each of the ſhip's company might bathe, 
and thus, by the pores of the ſkin, drink 
in a ſufficient quantity of watery fluid 
to ſuſtain nature, and to dilute their 
other aliments? We know by experience 
that they would thus imbibe freſh water 
alone, for the pores of the ſkin are too 
minute to let the ſaline parts of water 
enter. The body, when plunged in 4 
1 batk 
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bath of ſalt water, acts like a * 


upon the fluid, and its pores ſuffer 


nothing but the thinneſt and pureſt part 


to enter them; while the ſalt ſtands like 
hoar froſt upon the ſurface of the ſkin, 


and may be wiped away with'a towel. 


I do not care to drive an hint of this na- 


ture farther than it ſhould go; nor is it 
to be wiſhed that the aſſiſtance this may 


afford, ſhould induce men to be leſs 
aſſiduous in providing the more ade- 


quate means of ſecurity. 


1 WhbarariOns, aint hens 
11 ſeen} determines the weight or 
25 * a upon ſolids, ot upon 

veſſels where the, ny 


Þ - — bs. + difrent par. of 
this ſcience, which teaches us to eſtima 

the ſwiftneſs or the . of . in 
motion. 


Ir has been always thought an en- 
quiry of great curioſity, and ſtill greater 
advantage, to know the cauſes by which 
water ſpouts from veſſels to different 
heights and diſtances. We have obſerved, 
for inſtance, an open veſſel of liquor 
upon its ſtand, pierced at the bottom; 
the liquor, when the opening is firſt 
made, ſpouts out with great force, but 
as it continues to run, becomes leſs vio- 
leut, and the * flows more feebly; 

a know= 
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A knowledge of Hydraulics will inſtrutrt 
ns in the cauſe of this diminution f a 
its ſtrength; it will ſhew preciſely how : = 

fur the liquor will ſpout from any veſſel, 1 1 
5 and how aft, or in what quantities it 
Will flow. Upon the principle of this EK 
ſcience, many machines worked by water 
are entirely conſtructed; ſeveral different 
engines uſed in tlie mechanic arts — _ 1 .| 
various kinds of mills, pumps and fours - | | 
fains are the reſult of this Ry; judi- | | 

Ty applied. 3 7. KF 


And Abet is thus demonſtrated of 
the bottom of the veſſel, is equally true 
at every other depth whatſoever. Let 
us then reduce this into a theorem. The 
velecity oth which water ſpouts out at 
an "hole in the bottom or fide of any veſſel 
whatſoever,” is in proportion to the Auare 

root om the height of the water in the 
veſſel: that is, in other words, If the 


Way ac 
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water in one veſſel be nine times higher 
than in another, it will ſpout with three 
times 2 as much velocity ; - if the veſſel be 

Vol. + = A 
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four times as high as the water, it will 
ſpout with twice the velocity, We need 
ſcarce obſerve that the quantity of water 
ſpouted, is always equal to the velocity 
with which it ſpouts; fo that a veſſel 
nine times as high as another, will ſpout 
through a ſimilar. hole three times as 
much water, in the ſame ſpace of. time, 
or a veſſel four times higher, will ſpout 
twice as much water. As an experi- 
mental proof of this, we may take two 
. | veſſels, one five inches high, the other 
four times that height, and make a cir- 
= cular orifice in the bottom of each, of 
the ſixth part of an inch diameter, and 
being both filled with water let them be 
ſet a running, and let the water be fup- 
plied above as faſt as it runs out below; 
me taller veſſel will diſcharge about 
two pounds. of water avoirdupoiſe, in 2 
the ſpace of a quarter of a minute ; the 
veſſel four times as ſhort, will . 
* half that quantity. 


| * As the preffure the bottom ſuſtains, 
7 is ſuſtained alſo by the ſides of a 
T | Cs veſſel 


veſſel Ik wann to their height, 
water will flow from the fide of a veſſel 
with the ſame force: that it does down- = 
ward; for it is found to flow out of both 
with the. me velocity, provided they 
are at equal depths below the ſurface 
and therefore the velocity of water flow= 


| ing out at an orifice in the fide of a 


veſſel, is in the ſame proportion as 
before, that is, as the ſquare root of 
the height of the water above the orifice; 
| which a repetition of the former ex- 
: periment may prove, by uſing veſſels 
with orifices at the ſides. 


New a we are 7 informed of 
the velocity with which water flows 
through an hole in the ſide of a veſſel, 


it may be requiſite to know to what 


diſtance it will thus ſpout - ſideways: 
To know this, let us ſuppoſe the water 
ſpouting from the fide of a veſſel, to 
move uniformly forward, with the ve⸗ 
locity it has received, which is as the 
* root of the height of the veſſel; 
D d 2 now 
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now this velocity would drive it uni- 
formly forward, through a ſpace equal 
to twice the height of the veſſel; for we 
ſhewed formerly, that. a body having 
acquired a certain velocity by falling, 
would, if it moved uniformly forward 
with that velocity, go through double 
the 1] pace from whence it fell; and this 
s the eaſe with the ſpout of water, which 
PP nothing prevented would always ſpout 
forward to double the diſtance of the 
INE it Rands i in the veſſel. 8 


Bur now we SHE that pert acts 
upon it, and draws it downward, ſo that 
the ſpout is imprefſed by two forces 
that influence it, one forward, the other 
| downward; theſe motions by no means 
deſtroy each other, the ſpout obeys" both, 
and like all projected bodies it moves in 
the curve of a parabola. Let us then 
ſuppoſe the water is let flow through an 
hole in the veſſel B, at its top b; as it has 
no height of water there above it, it will 
not ſpout at all, but drivel down the 

| ide 


2 Phi ogy 4⁰ 5. 


fide of the veſſel : let us, on the contrary, 
ſuppoſe it to be let flow through an hole 
o, juſt near the bottom on the ground; 
now ſtrictly ſpeaking, it will not ſpout: 
there neither, for as the ſpout-is always: 
deſcending by its gravity, it will meet 
the ground the moment it leaves the 
orifice, and thus have no ſpout at all. 
Thus at b, the water had no. . for: 
want of height to drive it; at c the, 
. water hath no ſpout. for, want 5 room to- 
deſcend; it will therefore have the 
greateſt ſpout at the greateſt diſtance 
from theſe two deſtroying extremes, and. | 
at a, it will go forward, as we ſaid IJ 
before, to twice as far as the water. | 
is high above at; and at all other. heights | 
or depths of the veſſel the water: will. 


neee 


all holes e e above: and view 
the. middle, the jets of water will be made | 
to ſimilar horizontal diſtances. I wauld —=—=_ | 
only obſerve, here, that the uſual method. ; 2 
by which pe. determine, the diſtance "Y 
to which. water will ſpout .by a ſemi- 
eirele, &c, is erroneous. 
— 8 3 EE Tun Us 
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Tue wo may univerſally eonelude, 
that water ſpouts to double the diſtance 
of its height, provided it is raiſed above 
mme level of the ground ſo as to take its 
full range. But though this is true in 
theory, yet we find in practice that there 
are great deviations from all the rules 
preseding; for we muſt now obſerve, 
Sit the water does not ſpout i in a com- 
et parallel ſtream from an hole in the 
_ veſſel's fide; for Newfor has juſtly obſerv= 
ed, that the diameter of the ſpout is larg 
iminediatdly Mijng from the hole, that 
chen it contracts its diameter as it pro- 
ceeds a little way, and laſtiy, it Teatterg 
| about in all directions; ſo that we my 
the ſpout to a cone, the baſe of 

Which! is at the mouth of the hole, and 
the” point at ome diſtance from it, It is 
not the djameter of the' hole therefore 
chat ſhould be mkaſured, to know the 
vifitity of water that pours out in a 
ertain time, but the diameter of this 
point or vein; at a little diſtance from 
the Nahe n e ae a urement of this 
ah.  Bernouilh 
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Beru has actually attempted, but 
with what ſucceſs I will not pretend to 
determine; it may only be obſerved, 
that the cauſe of this convergence in the 
ſpout is ſtill in diſpute among the 
learned: the argument, from its intri- 
cacy, it is Probable, will not be eaſily 
adjuſted; however, let us not enlarge 
upon ſo minute an enquiry, when there 
are fo many greater to engage our 
attention. 


10 remedy this ſatiety of the fluid 
as it iſſues from the hole, we all know 


of the contrivance of the foſſet or 
ajutage, Which is only a pipe ſtuck into 
the hole, that ſerves to give the fluid a 
proper direction; this, while it anſwers 
the end propoſed, at the ſame time 
diminiſhes both the velocity of the 
ſpouting fluid, and the diſtance to which 
it would go. The length of the ajutage 
may be conſidered as a column of water 
of an equal height, reſifling the force 
we the fluid that ſpouts through it; ſo 

D d 4 — _— 
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that i the ajutage be ag a the 
ſpouting water is high, the two oppoſite 
forces will thus deſtroy each other, and 
there will be no Fer to AF Kanes 
Wen 
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nus far : as. to water ſpouting hori- 


zontally, or as we uſually lay fidewayy 
from a veſſel; now as to its ſpouting 

| direQly upward, water will ſpout up- 

| ward with ſuch a velocity as will. carry 
it to the ſame height with the water in 
the veſſel from hence i it ſpouts, becauſe 
the velocity it has at the bottom, is equal 
to the velocity zit would acquire in 
falling down from the top of the water; 
and this velocity has force enough to 
carry it an equal ſpace upward, as we 
formerly explained. The water there- 
fore will ſpout. in all fountains. to nearly 
an equal height with the water in the 
veſſels from. whence it flows; I ſay 
nearly, becauſe, as we know, the air will 
give it ſome reſiſtance, : and muſt leſſen 
Be force of all 0 whatſoever, ang 
0 make 
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1 ther fall ſhort. of the height of 
the water in the reſervojrs. But there is 

8 another cauſe; that diminiſhes, the height 
of the water's play; for when the water 
at the top of the ſpout has loſt all its 
motion, it reſts for ſome timę on the 

part below, and by its weight obſtructs 

the motion of a new column iſſuing 
from below, and thus prevents it from 
riſing. The. reſiſtance ariſing from this 
cauſe is ſo great, that the jet is frequently 
deſtroyed by it; the riſing water being 
by fits and ſtarts preſſed down to the 
very orifice from which it ſpouts. Bu- 
this inconvenience is remedied if WC 
give t the jet a little inclination, for then. 
the uppermoſt parts, when. they have 
loſt all their motion upward, do not fall 
back as before, but are made to fall off 
from the reſt, and thus do not incumber 
the riſing fluid. From hence therefore 
we may underſtand the reaſon, why ſuch 
jets as are a little inclined, riſe higher 
than thoſe, whoſe aſcents are * 
dicular. 2 e 5:13. ld ris 
"tidy IT 
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IT is the difference in the figure of 
the ajutage, that gives a diverfity 'of 
play to the fountain, and nothing can 
be more pleaſing to the eye than the 
different manner in which water is made 
to ſpirt in theſe machines. But they give 
additional pleaſure in ſultry climates, 
ſuch as Tah, where they contribute to 
cool the air as well as to enliven the 
| proſpect: with us they are chiefly made 
for the purpoſes of embelliſhment alone, 
for in our northern climate, the air is 
ſeldom diſagreeable from too much 

warmth,” and if there were fountains of 
fire, they would often make the moſt 
grateful ornament. I only mean this 
as an hint, concerning' the unneceſſary 
expence which many are at to procure 
fountains, in a country where the cli- 
mate calls for different modes of embel- 
liſhment, Our groves and our fields are 
greener than in any other region in the 
world; to improve the beauty of theſe, 
our artiſts ſhould bend their chief efforts, 
and in this they will find nature con- 
ſpiring with their induſtry; 


2 6; WI 


I Philoſophy. 411 4 
| We Pye Miles ſpoke only of the 
flowing of water from veſſels and reſer- 
voirs that are open; we muſt now ob- 
ſerve, that from veſſels cloſely ſhut it 
will not ſpout at all. We all very well 
know that the liquor will not run from 
a cloſe caſk, unleſs the air is let in from 
above; for this purpoſe, when a hogſ- 
head of liquor | is broached, there is 
always a vent hole made at top, which 
is occafionally opened when we want 
to draw liquor through the foſſet or 
_* ajutage below. The cauſe why a fluid 
will not run from a cloſe caſk without the 
admiſſion of air, ſhall be explained more 
largely when the properties of air come to 
be examined. Let it ſuffice to obſerve here, 
that the air preſſes with great force upon 
that' part of the ſurface of every fluid to 
which it has admiſſion. If an hole is 
opened in the fide of a caſk that is quite 
full. of liquor, the air preſſes upon that 
| hole with great violence, and prevents 
the liquor from coming out; if now 
another hoſe be opened a. us top of 
the 
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the . the air will preſs. into this all 
with equal force, and preſs the liquor 
out: theſe two forces balance each other, 
ſo that the weight of the fluid, if 1 may 
e ſay, turns the ſcale, and it, flows, out. 
In general, howeyer, as our gaſks are 
not filled quite. full, there is a little air 
left at the top of the veſſel; ; immediately 
therefore, when the fide of the caſk i Is 
jierged, ibis air preſſes, down, and there : 
is a fpirt of the liquor, but as the liquor 
continues to flow it leaves, more room 
at the top of the caſk; and the air not 
being capable of filling this room AS 
before, preſſes with leſs ; force. down, 
than the external air preſſes at the mouth 
of the orifice up; to, that the fluid will 
no longer continue to flow, until more 
air is let in by a ventchole at top, to 
balance that, which preſſes againſt the 
BD! of the 15 at the hole below, 756 
Fro bence we ; fre the neceſſity, * | 


having 5 vent hole, or ſome contrivance J 


of this Kings in all calks th; t 
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upon draught; ; and from henee'alfo 5 
may deduce a reaſon why liquors, 'that 
have been long upon draught, grow 
vapid or ſour; for the ſpirits being light 
eſt always float and mix with the air 
at the top "of the caſk, and every time 
the vent-hole is opened, we may per- 
ceive them fly out with ſome violence. 
Thus by frequently opening the vent- 
hole almoſt all the ſpirit evaporates away 
at laſt, and leaves the liquor either vapid 
or ſour. If this be true, might not 
a contrivance be made that would give 
a ſufficient preſſure to the upper ſurface 
of the fluid, without permitting the 
ſpirit to evaporate? What if a ſmall tube 
were contrived, with a valve, which 
being inſerted. at the top of the caſk, we 
might force in as much air as we thought 
proper into the caſk above, while at the 
ſame time none of the air or ſpirit in 
the caſk, would be permitted to come 
back through it or eſcape; this would 
at once give a ſufficient force to make 
the liquor flow, and would alſo confine 
| the 
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method has been Already practiſed 1 


| | know not; it ie here only offered as. a 


2 


dure, Valar uantum valve Prey. 


1 wo "he an of ſeveral by- 
dane machines, ſuch as the pump, 


the ſypbon, the fire engine, and the 


intermitting fountain, we. ſhall reſerve 


theſe till we treat of air, which contri- 


butes ſo much to their operations, 
wong the number of hydraulic ma- 


1 chines we muſt not omit to mention the 
' ferew of Archimedes, which 

to ſmall heights, and i is at once the moſt 
ſimple and admirable of all the by- 


f + raiſes water 


draulic machines. - It conſiſts of a long = 
round beam or cylinder, (fig. 42.) with 


an hollow pipe coiled round it like a 


corkſcrew, and open at each end. This 
machine is fixed {lanting with one end 
in the water, and the other ſupported - 
in ſuch a manner upon a prop, that turns 
by means of an handle, as we ſometimes 
a in the country. As ſoon 

ay 


— — IEIOEY — — — — — — Pe my a — * 
—— — ——ů— —— TID — —— — — — — — — 


2 — N , | 1 - —— — — — — —— ů— 
— 3 * — , «‚§«́ꝙqg .. ˙—˙ . - at , a 
. a - m Dd — cs , — S i 1 
3 — ex Sw vie” „ —— = a A 2 EINE : 
* 
n : i's as $a * g 4 « 
* X * 
; ; i 
. A bv 
- % — 9 
1 
: CY 
- - = 


. 
— 
* . 
8 * , - * » a it 0 8 
- - * 2 1 1 - x : 8 | 
Animnumm | G A 8 | 8 *%, 
li 1 hs q n . : . * — 5 *. 
. 4 Ss "> f 7 
\ , 4 4 2 . 8 % > b « 
.. . 
18 
* " 
* > . * 
* ” 
7 * 9 a "val 
«© * * 
Y b * 
. . R — 
. 4 > 
, . 
a * - 
a . s * 
* 
. * Py 
. * 
* 
we os 
4 Ls 
: a "7 at 
* 5 hs 4 
80 0 
* E * 
- 
4 * 
JF * * = 
by 
* 
* 
— 
1 J% 5 
9 S — 
k . 6 
* 
3 — 
: 
of ö 
80 - * * : . p 
. E . * C7 4 * 2 , 
| — ww Ro oC — _— — — ä 2 
z ; 
— 
* CY . / * A , 
-” - A. * a / | 
> - 
\ 0 5 . X 4 
* . i os * 4 7 
* 2 a» 
ES ; 
* 
z . % I} * * N * 
3 2 dos . n ; N . 8 : 
* > : 
A * 
a : : - AS. By . \ 
# — 
< Pp N 


a 
i 


2 
bs 
AY 
2. 


1 
> 


- . =. 
r e 


* 


m ot 


i 


Experimental 2 


415 


as the lower end of the ſcrew gives a 
turn in the water, the fluid runs into 


the open mouth of the tube at A, and 


as the mouth of the tube riſes, the water 


which it has ſcooped up, ſinks by its 


weight to that part of the tube on the 
oppoſite ſide of the cylinder, ſo that now 
the mouth of the tube is higheſt, and 


2 water in it is n cannot get 

In the mean time, das the mouth 
4 he tube is ſtill in the water, while it 
is deſcending, the. water it had ſcooped 
in before cannot get back again, becauſe 


it has not force to overcome the reſiſt- 
ance of the reſt of the external fluid, 
which preſſes againſt it as forceful] y as its 
contents preſs out; when it comes there- 
fore a ſecond time to the bottom, and 
again begins to riſe, it will take a new 


ſcoop of water, and the water it already 
contained being in its deſcending ſtate, 
will fink into the lower part of the ſpiral 
that is next to it, ſo that it is prevented 
from returning by the preſſure behind, 


and Rtill falls, if I may fo ſay, forward 


by 
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Fas Hainan . as i dips as hap 
'# all” other animals, is vhially repre- 
ſented” as 4 moſt compound Hydraulic . 
machine, with an infinite number of 
tubes, conveying their. reſpective fluids 
from onè part of the body to the other: 
In this ſyſtef of veſſels philsfophers 
have ſuppoſed the various Kinds indued 
with various powers ; they have fanciet 
ſome aQting as pumps, others as capillary” 
tubes, nor has there been wanting fuch 
ds have made mention of the glandular 

1 ſcrew. The moſt diſtant reſet nblatice : 
between the veſſels of the human 50d) 
and theſe artificial. machines, have given 
men, whoſe imaginations were ſtrong, 
frequent opportunities of * completing the 
picture. This, in common converſation, 
is called 1 ingenious error; Vet ſurely . 
falſe philoſophy can have no ingenuity ; 
- whatſoever { for what is it that cati make 
its rigid inftitutions pleaſing, but that 

we 
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9 but if it were only a ff 


would be ſearce worth combating; no; ³³é!UF 
© thing can be more PEE too; ang 
in fact, very dreadful practice has been — 
recommended, in conſequence of theſe ; 3 a 
ill guided calculations. But though we e 
ſhould ſuppoſe that eren a. the whole = LE ER 


- of. flyids ſpouting. flexi- 
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ne sd eld wbes were: known, (a 
; it is not till of late that an ingenious 
modern has attempted the inveſtigation) 
yet wee ſhould be fill as far from under- 
ſtanding the velocity of the circulating | 
fluids of the human body as before. Te 
treat this with any preciſion, we muſt 
firſt knou exactiy to Nhat degree a vein 
of an artery is capable of dilating, we 
muſt know the figure of the veſſels, their 
elaſticity,” their different openings into 
rich other, the force and the diſpoſition 
uf their” valves, the degree of heat and 
tenacity of each fluid, and the force 
which drives them forward. If all theſe 
e known, where would the mathe- 
Siticiat be found, that could unite ſuch 
various elements into one calculation ? 
Een to determine the foree of fluids in 
Rexible tubes, alone, almoſt exceeds 
!peometrical ſtrength; what then muſt 
56 the caſe” in ſuch a complication of 
component parts? Modern phyſic has 
with great juſtice explotied thoſe idle 
| "anal cangetogs ebe dreams, con- 
ono Cceeixed 


ceived in an age when geometry walked 
from her circle to conduct mankind - - 

to error, and was ſeen daily applying 
ommenſurable 


\ > 


her compaſs to 
ts of nature. 
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